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The construction industry is an important investment-led and dynamic sector that contributes 
positively to the developmental progress in any economy. However, the construction industry 
is seen as an ineffective sector owing to the bulky waste it produces. It is also regarded as a key 
contributor to the negative effect on the environment caused by extreme amounts of waste 
generated on- and off-site. This study assesses the quantities of waste generated, the factors 
influencing waste generation, the waste management approaches implemented, the adverse 
effects of waste and the benefits from construction and demolition waste management 
implemented in the Nigerian construction industry. The data used in this study were collected 
from both primary and secondary sources. The primary data were collected through survey 
questionnaires distributed via emails to the targeted respondents who are construction 
professionals while the secondary data were collected via the review of related literature. Out 
of the two hundred (200) questionnaires distributed, only one-hundred and sixty-eight (168) 
valid data were retrieved and used for the analysis. The collected data accounted for eighty- 
four per cent (84%) of the entire survey. Furthermore, the reliability of the research survey 
instrument was tested using Cronbach’s alpha coefficient reliability while a one-way analysis 
of variance (ANOVA) was conducted to test the hypothesis deducted to quantify the twelve 
(12) waste materials recognized as waste generated in Nigeria. For the first hypothesis, sig- 
values were greater than 0.05, which implies that the null-hypothesis (Ho) is valid. The findings 
show that the most waste generated include concrete, wood and reinforcement, while drywall 
and bitumen comprise the least amounts of waste generated in the Nigerian construction 
industry. The T-test carried out on the statistical inferential comparison of the mean variance 
between the quantity of waste generated on site and the allowable waste shows that the sig- 
value (0.020) is less than 0.050. This consequently implies that the null-hypothesis (Ho) is not 
valid. The exploratory factor analysis conducted indicates factors influencing the waste 
generation are classified into five groups which comprise poor coordination and 
communication, inadequate planning and design, inappropriate materials transportation and 
storage systems, inefficient procurement and contractual agreements, and poor project 
execution and supervision. The approaches employed towards the waste management were also 
grouped into three (3) which comprise practical legal framework and modular construction, 
sustainable procurement and material optimization, and proper construction detailing and 
design. The findings indicate effects such as burden on landfill sites, shortage of land for 
building construction, air, land and water pollution, release of toxin and emissions of 
greenhouse gas (GHG) as adverse effects of waste on the environment. The benefits from waste 
vii  
management consist of environmental benefits such as the reduction in land pollution and 
reduction in health and environmental risk while the economic benefits are construction costs 
savings and projects cost overrun elimination. In conclusion, the waste management systems 
implemented in Nigeria are assessed as not being sufficiently sustainable. 
Keywords: Construction industry, Factor analysis, Landfill sites, Sustainable development, 
Waste management. 
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1.1 GENERAL BACKGROUND 
Every study is undertaken for a precise purpose. In this study, the general information provided 
centres on an assessment conducted to determine the current situation of construction and 
demolition waste (C&DW) management systems implemented in Nigeria. This section points 
out the introductory aspects of the study, which include the general background, aim, problem 
statement, recognized questions, and objectives. In addition, the motivation as well as the 
purpose of the study is detailed. Furthermore, the research area, limitation, methodology, data 
analysis and ethical consideration are also reviewed in this section. 
The construction industry is an important investment-led and dynamic sector that contributes 
positively to the developmental progress of any economy (Shant et al., 2014:91-98). Globally, 
the sector has advanced its delivery of both public and private infrastructure, which enrich cost- 
effective construction that enables public development. Furthermore, the sector-industrial 
evolution represents a shift from the prehistoric labor-intensive sector into an industry that 
employs complex building designs. The factual contrast is that labor-intensive sector 
constructed simple building structures that consumed much material and were designed 
manually or conventionally, while the new modern sector relies on sophisticated machinery 
and procedures (Nkosi & Muzenda, 2013:73-89). 
According to Mansi (2012:1-7), the construction sector is next prime activity in an economy 
after agriculture. This was established through investigation of progressive, retrogressive and 
links of construction activities conducted in India. Unfortunately, the construction industry is 
seen as an ineffective sector, owing to the bulky waste it produces. It is also regarded as a key 
source of the negative effects on the environment caused by extreme amounts of waste 
generated in construction work, refit, destruction of buildings and other activities related to 
construction (Adenuga & Bhamidimarri, 2015:16-22). In terms of developing countries, a 
report by the World Bank statistics (WBS) indicates that it is common for urban cities to use 
up to 20-50 per cent of their current capital or financial budget to manage municipal waste. 
However, in major urban cities, nearly 30-60 per cent of the solid waste consists of construction 
and destructive debris that remains uncollected (Boadi & Kuitunen, 2003:211-217). According 
to Poon et al. (2004:159-160), the construction sector when compared to other industrial sectors 
yields the largest volume of waste. For instance, the United States Green Building Council 
in2019, United Kingdom generates more than 120 million tons of C&DW annually. While the 
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entire European Union generates almost 400 million tons of C&DW. This means an area of 
about 400 kilometers is buried with demolition debris on one- metre high. 
However, before now, C&DW was only used for landfilling and has not been significantly 
considered waste with high economic value. Major attention that the C&DW has received 
among researchers concluded that they are pollutants, which threaten the water, air, and soil of 
urban areas. However, recent findings have shown that the waste should be managed to 
improve and maximize its value. The main C&DW production in several regions is determined 
by various factors which include increasing population growth, rural or urban planning, the 
current condition of the construction sector and landfill levies (Zhao et al., 2010:377-389; 
Huang et al., 2018:36-44). In a study by Zhao et al. (2010:377-389), C&DW materials in the built 
-environment were found to be emanating from building construction works which usually 
constitute 10-30 per cent of the waste expected in several landfill locations from place to place. 
In addition, construction and demolition have been significant contributors to the waste sector 
which relies on factors such as an increase in population, development in urban areas, and the 
state of the waste sector with levies paid on landfills in some regions. Thus, the requirement 
for every construction industry is to develop C&DW management systems with sustainable 
attributes. Consequently, the management of the waste means eradicating the waste where 
feasible and reducing waste in realistic scenario, plus possible re-use of the materials. 
According to Thomas and Lizzi, (2011:105), an enormous portion of C&D waste, namely nearly 
90 per cent, can be re-used and recycled, hence it reduces landfill size. For instance, the waste 
generated from concrete or stones can be recycled into granular and fine aggregate, such as 
recycled aggregate concrete, cement, and floor thatches. 
Also, materials such as coarse-grained soil can be used for foundation earth stratum, wood 
waste which is badly damaged can create paper or slab when recycled, and waste with no clear 
damage is reprocessed as a valuable resource. Waste from steel and other metals can be melted 
into reprocessed materials (Omotayo et al., 2017:596-611). Realistically, the practice of 
transforming waste into new materials and substances, which is a substitute to orthodox waste 
disposal methods, saves resources, minimizes gas emissions, and prevents waste from 
becoming of no use. This reduces the intake of fresh raw materials, decreases landfill sizes, 
enhances the recovery of useful energy, reduces incineration activities that lead to air pollution, 
and eradicates contaminants from landfilling (Nkosi & Muzenda, 2013:73-89). This activity of 
managing C&DW is considered a construction activity to facilitate environment safety and this 
make the environment safer and healthier for living. 
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Therefore, the growing awareness of the environmental effect of construction waste has led to 
an improvement in waste control that is an important reactiveness in construction project  
management and the sustainable design of most building construction (Omotayo et al., 
2017:596-611). Many developing countries are faced with the problem of managing C&D 
waste with sustainable waste management systems. Moreover, an analytical step towards the 
diminishing of waste is a key towards sustainable building construction practice in most  
developing countries of Africa. It is estimated that in the year 2025, the population in the urban 
areas in sub-Saharan Africa will be not less than 70 percent. This actually increases the amount 
of waste generated by 1kg per capita (Simelane & Mohee, 2012:1-6; Eligizamy et al., 2016:1- 
7).  
For instance, the average solid waste generation is 0.7kg per capita in Zimbabwe, 1kg per capita 
in Tanzania while 1.1kg per capita of mixed municipal waste in Mauritius is generated daily. 
However, but an integral part of this waste constitutes a considerable amount of organic 
material (Simelane & Mohee, 2012:1-6). The solid waste generated in Nigeria should be 
approximately 3.5-5 kg per capita and this should be a point of consideration because most of 
this waste contains hazardous properties that are creating preventable risks to people’s health 
and the inhabitants of the land (Wahab & Lawal 2011:148). In the past, there was an increase in 
the level of construction activities in Nigeria. This unavoidably engendered waste production 
at diverse stages in project work. Nevertheless, presently, partial credit is given to the prevention 
of CDW produced in construction projects. 
According to Wahab and Lawal (2011:246-254), the absence of facilities to dispose of waste 
caused overall low eco-friendly responsiveness in construction companies. In spite of this, the 
construction companies, in particular in Lagos which is considered the commercial hub of the 
country with numerous construction activities going-on. In addition, the urban areas are 
producers of considerable amounts of waste and have been sluggish to adopt of eco-friendly 
practices, which include the contractors’ ensuring the control of materials from the design stage 
to construction, hence moderating activities that create waste on construction sites. 
Furthermore, no strict policy is enforced to oblige contracting companies to integrate a plan 
into their contractual documents that will ensure effective management of waste on sites. 
Consequently, it makes the measurement of waste disposal at the various construction sites and 
the appraisal of the management systems difficult. 
It is against this backdrop that the research pursues the effort to assess the C&DW management 
systems implemented in Nigeria. To conduct the study, a statistical approach has been 
employed for analyzing data collected from the area of study. Thus, through a systematic 
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review of various source of literature, knowledge of the waste management systems has been 
obtained. Furthermore, the waste management systems implemented in Nigerian construction 
industry is understood and with the knowledge of waste management, the C&DW management 
approaches implemented are precisely explained. 
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1.2 PROBLEM STATEMENT 
The drive towards attaining sustainable construction industry is a pursuit for most countries of 
the world. In previous studies, it was observed countries have systems that are sustainably 
driven towards managing waste in their construction sector. This makes sustainable 
development realistic in such parts of the world. In most developing countries, it is essential 
to assess the current waste management systems with the purpose of determining their 
sustainability and as well indicating aspects of the waste management systems necessitating 
improvement. Although, previous studies have been conducted to assess material control and 
management in the Nigerian construction industry, however, an all-inclusive assessment is yet 
to be conducted to indicates if the policies, scheme and systems implementation in order to 
manage waste are sustainable.  
Therefore, in a way to solve this problem, this study generates the potential of assessing the 
existing C&DW management systems implemented in Nigeria with an intention to determine 
if the management systems are sustainable. This implies that the C&DW generated, factors 
influencing the generation and C&DW management approaches implemented to manage the 
waste are to be significantly evaluated. 
 
1.3 RESEARCH QUESTIONS 
The questions below have been designed according to the problem statement specified in this 
study: 
1. How can construction and demolition waste generated in the Nigerian construction 
industry be quantified? 
2. What are factors influencing the amount of construction and demolition waste 
generated in the Nigerian construction industry? 
3. What are the waste management approaches implemented in the Nigerian construction 
industry? 
4. What are the adverse effects of construction and demolition waste on the environment 
of Lagos Metropolis, Nigeria? 
5. What are the benefits that can be derived from implementing construction and 
demolition waste management systems in Nigeria? 
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1.4 AIM AND OBJECTIVES OF THE STUDY 
The aim of the study is to assess to the C&D waste management systems implemented in 
Nigeria. Thus, this study seeks to determine the current C&DW management systems 
implemented in the Nigerian construction industry. 
The following research objectives were formulated to achieve the aims of the research: 
 
1. To quantify the amount of construction and demolition waste generated in the Nigerian 
construction industry; 
2. To investigate the factors influencing the amount of waste generated in the Nigerian 
construction industry; 
3. To evaluate the various waste management approaches implemented in the Nigerian 
construction industry; 
4. To investigate the effects of construction and demolition waste on the environment of 
Lagos Metropolis, and 
5. To determine the benefits of construction and demolition waste management systems 
implemented in the Nigerian construction industry. 
 
1.5 RESEARCH MOTIVATION 
The main drive of the research is derived from the need to appraise the status quo of the C&DW 
sector in Nigeria. The study is focused on assessing the existing waste management systems 
implemented in the Nigerian construction industry. Moreover, the findings of this research 
provide all-inclusive information of the status quo of the waste management systems, managing 
structure, and policies in respect of waste management. Furthermore, approaches to waste 
management used in the industry are identified. The assessment conducted in this study will 
contribute and assist decision policies which can solve the problems faced through the 
execution of C&DW management systems by ensuring a novel policy is put in place to make 
the construction industry sustainably driven. Furthermore, the findings highlight aspects of the 
waste management systems necessitating an improvement for better and sustainable waste 
management systems. 
 
1.6 SIGNIFICANCES OF THE STUDY 
The practice of waste disposal in landfills has contributed to the wastage of natural resources, 
which does not support any energy conservation. However, waste generated can be minimized 
through sustainable practices such as reducing, recovering and reusing. This study reveals the 
potentially huge environmental benefits that could be obtained by sustainable management 
systems used in construction projects to control waste through a policy that enforces actions 
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that are eco-friendly in the construction industry. When a structure that mandates sustainable 
construction is put in place, it makes a significant contribution in fostering sustainable 
economic growth. This study confirms the requirement for other African developing countries 
to shift from the usual culture of landfilling to proactive waste materials management systems 
that have potential benefits. In addition, the benefits of sustainably managing waste generated 
on construction sites will boost the sustainable development of the built environment. 
 
1.7 VALUE OF THE STUDY 
Since the shift of most developing economies is towards achieving sustainable development of 
its industrial and construction industries, the attention is now towards sustainable construction. 
The benefit of this research is that of its immense contribution to the knowledge for decision- 
policy towards creating an enabling atmosphere for sustainable C&DW management. 
Furthermore, problems and solutions indicated in this study will help the construction 
stakeholders to decide on an improved policy to create a viable environment for the waste 
management systems to operate effectively. 
 
1.8 ALLIANCES WITH SUSTAINABLE DEVELOPMENT GOALS 
This study in alliance with the sustainable development goals will help to promotes eco- 
friendly waste management practices that in turn serve the purpose of waste reduction and 
management practices. By 2030, every country’s rate of recycling should increase by 90 
percent as estimated in tons of material recycled (UN, 2019). Furthermore, it is expected that 
companies or organizations should embrace sustainable practices and publish their annual 
sustainability reports to reflect their collective responses to the sustainable development goals 
(SDG). Therefore, this study focuses on how to eliminate waste to make the construction 
industry eco-friendly. It reveals that the challenges posed by climate change can be checked, 
and its adverse effects reduced when the construction industry initiates urgent actions that can 
regulate gaseous emissions and as well promoting developments of renewable energy (Alberto 
et al., 2015:7-8).  
  
 
1.9 LIMITATIONS OF THE STUDY 
 
A massive volume of C&DW is being produced by the construction industry in Lagos, Nigeria 
due to vast construction activities across the urban areas. In this research, only few construction 
professionals in the construction industry were sensibly chosen. Likewise, quantitative data 
was collected in selected organizations. However, there remains a requisite function of the 
organization to know the present waste management systems used on their construction sites 
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to assist in the data collection. Furthermore, the waste management agency in control of waste 
also helps in the data collection process. No interview was conducted for this study. 




The general approach that gives a framework in which research is to be conducted; as well as 
the methods to be adopted which define the collection of data through various means and modes 
or how a specific outcome is to be estimated is called research methodology (Howell, 2013:21- 
25). In order to collect data a survey must be conducted which can either by means of a 
quantitative or qualitative method. After the planning and conducting of a quantitative survey, 
it is necessary to analyze data collected from survey-experts (Bell et al, 2018: 156). Thus, this 
study design makes use of a quantitative survey, which comprises professionals from the 
construction industry. 
1.10.2 Study design and approach 
 
In this study, a quantitative research methodology is employed. Creswell (2014) defines a 
quantitative research as an approach utilized for the test of unbiased theories via assessing the 
connection between variables so that the variables can be estimated on survey instruments to 
facilitate the analyses of numerical data using statistical techniques. Thus, a descriptive cross- 
sectional study was conducted using a quantitative survey. The review of various sources of 
literature on the study was carried out. The comprehensive review of literature was done to 
obtain contextual facts and a proper understanding of the subject focus. Literature reviewed 
was sourced from reputable journals, book chapters, conference proceedings and completed 
these related to this research. 
Therefore, related literature on the amount of C&DW generated, causative influences of 
C&DW generation, management approaches to C&DW, adverse effects of C&DW on the 
environment and benefits from waste management implementation was reviewed. Moreover, 
descriptive statistics techniques were employed to analyze the data collected. In using a survey 
questionnaire, the research respondents included professionals with experience working in 
several construction companies in Lagos Metropolis. The survey was conducted and analyzed 
to address the research objectives. 
1.11. RESEARCH AREA 
 
In this study attention is drawn to the industrial-construction sector in Nigeria. This is because 
of the major conventional method of construction that has a great propensity to generate a 
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considerable amount of waste. This study was conducted in Lagos Metropolis, which is one of 
the urban cities in Nigeria. The justification for the selection was firstly, that nearly 50 per cent 
of Nigerian construction companies are situated in Lagos. Moreover, the Metropolis is regarded 
as the commercial nerve-centre of the country. 
1.12 POPULATION OF THE STUDY 
 
In Nigeria, massive construction activities are ongoing in the urban cities, especially the 
Metropolis of Lagos. Lagos is regarded as the most industrialized city in Nigeria owing to the 
numerous construction companies it accommodates. This implies all the parties involved to 
obtain the data are within reach. This made it possible to collect more than enough 
questionnaires required for this study. 
1.12.1 Choice of the population of respondents 
 
To prevent the risk of participants’ identification, the choice of respondents was spread such 
that their identities would remain anonymous. In addition, reference was only being made to 
averaged data across the respondents’ population and no specific individual or organizations 
was mentioned. 
1.12.2 Sample, data collection and analysis 
 
In every research, the most critical objective of data collection is ensuring the information-rich 
and reliable data is collected. However, sampling method chosen for any research is vital and 
it must be a validated means of collecting data. Gravetter and Forzano (2011:146), describes 
simple random sampling techniques the most appropriate sampling techniques with least bias 
if properly used. Therefore, this study implemented a probability simple random sampling 
method, which allowed the carefully chosen respondents to have equal chances of being 
selected. Moreover, a closed-ended questionnaire was the preferred tool for data collection to 
support the reviewed literature in this study. Neuman (2014:367) describes data analysis as the 
practice which obtain useable and useful information. The analysis, irrespective of whether the 
data is qualitative or quantitative, may describe and summarise the data, identify relationships 
between variables, compare variable, and forecast the outcomes. 
In this study, collected data were analysed using descriptive statistical techniques. Furthermore, 
the supporting tools to assist in the data analysis include a spreadsheet, a statistical package 
SPSS, ANOVA and other measurable analytical instruments. This study made use of these 
tools as a statistical approach to solving the problem of conducting the assessment. In addition, 
findings were supported using tables and graphical representations. This accurately reflected 
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the evidence from the research. However, owing to the lockdown, the data was collected from 
professional in the Nigerian construction industry via Google Forms. 
1.13 ETHICAL CONSIDERATION 
 
This study considers important essential principles of ethical conduct, which deal with 
protective privacy and informed consent as applicable to the use of a survey in any research 
work. The respondents participated voluntarily, and no name of any participating individual or 
company was disclosed in this study. Furthermore, the respondents were informed about the 
purpose for which this research was being carried out. 
1.14 DISSERTATION STRUCTURE 
 
This study is structured into nine (9) chapters as detailed below: 
 
CHAPTER 1 - Introduction 
 
This chapter introduces the study background, aim of the research, problem statement, 
questions and objectives of the study, rationale or motivation, significance and value of the 
study, as well as the delimitation. Likewise, research methodology design and the area of study 
are detailed in this section. 
CHAPTER 2 - Literature review: Construction and demolition waste management 
systems 
This chapter focuses on general reviews of books, journals, dissertations, and articles amongst 
others academic materials published by notable scholars and researchers on C&DW 
management systems. It also shows a concrete understanding of the global challenges faced 
and problems created by C&D waste, and how generating this waste has had an adverse effect 
on sustainable construction and the built environment. Problems encountered by various 
processes to the minimization of this waste were also highlighted. 
CHAPTER 3 - Construction and demolition waste management systems: China and 
Malaysia case studies 
This chapter covers the review of literature on existing waste management systems in the 
Chinese and Malaysian construction industries. It deals with the waste minimization practices, 
major challenges, the manner by means of which the management systems have been 
improved, and the various waste management systems presently used in the two countries 
considering some problem associated with C&D waste. Furthermore, the section discussed the 
waste management strategies and policies in China and Malaysia. 
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CHAPTER 4 - Construction and demolition waste management systems: Egypt and 
South Africa case studies 
This chapter outlines a systematic review of studies on C&DW management systems, material 
composition, and problems facing effective management approaches in Egypt and South 
Africa. It is of importance to view them as vast growing economies in Africa which provide 
comprehensive information applicable to this study. An unrelated view of scholars and 
researchers on the same topic is reviewed in this chapter. In addition, a proper understanding 
of C&DW management systems in these countries is discussed in this section. 
CHAPTER 5 - Overview of construction and demolition waste management systems in 
Nigeria 
This chapter encompasses the systematic review of the existing C&DW management systems 
implemented in Nigeria. This chapter also examines the various roles played by stakeholders 
in ensuring the waste systems are practicable. Likewise, the effects of government policy on 
sustainable C&D waste management published are discussed. 
CHAPTER 6 - Research methodology 
 
This chapter of the dissertation focuses on the methodology and design. In addition, the 
approaches the study implemented to obtain precise data are indicated in this section. The 
chapter explains the research area of study and the targeted respondents i.e. construction 
stakeholders/practitioners that were consulted for the study. The collection of data, method of 
data analysis and hypothesis employed in the research are aptly tested. 
CHAPTER 7 - Data analysis and interpretation 
 
In the seventh chapter, demographic information, descriptive statistics and exploratory factor 
analysis (EFA) carried out are detailed. This statistical approach is a structured, internationally 
acceptable method employed in analyzing the data. Information extracted from the data was 
used to assess the C&DW management in the Nigerian construction industry. This chapter also 
relates the research questions of the study by interpreting them in a suitable way as its relate to 
the results from the data analyzed. 
CHAPTER 8 - Discussion and findings 
 
This chapter gives details discussion of the findings as related to the research questions to 
ascertain whether the questions in the study were answered and completely satisfy the 
objectives. However, the discussion of findings was detailed to highlight how each questions 
of the study were answered appropriately. 
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CHAPTER 9 - Conclusions and recommendations 
 
The ninth chapter indicates how the purposes of the study have been achieved and the questions 
asked in the study were answered. Furthermore, conclusions drawn from the findings are 
detailed and the necessary recommendations are made for further research. 
1.15 CONCLUSION 
 
In this section, the various components and structure of the research were presented as follows: 
the background, its significance, detailed problem statement, aim and objectives, research 
questions, and methods used in accomplishing the objectives of the study, as well as its 
significance, motivation and purpose. The generic reviews of studies in some countries on the 








The review of the various literature that pertains to C&D waste, and the several management 
systems implementations are presented in this chapter with the intention of helping to clarify 
the understanding of the problem statement and objectives of this study. The literature has been 
studied focusing on the following areas: the classification of waste according to source, 
properties, kind, form, physical state and generation; the definition, history, fundamental 
components and disposal methods of waste management; the structures, classification, concept, 
and the influences of waste material generation in construction sites. The review presents 
various ideas on waste management practices and considers effective ways of managing waste, 
examining policies effected in instituting these management systems as well as the challenges 
confronting the systems. It also looks at the prospect of the successful operation and 
implementation of the systems. Generally, a critical examination of the C&DW management 
systems is outlined. 
2.2 GENERAL CONCEPT OF WASTE 
 
Basu (2009:20-24) defines waste as undesirable or unusable materials or matter that is discarded 
after initial use which becomes worthless, substandard, and consequently remain useless. An 
alternative name used when talking about waste is “rubbish”. Waste is considered as substances 
disposed by the public because it contains harmful contents or being without any worth. Waste 
materials are generally derived from human and animal activities (Brunner & Rechberger, 
2014:3-12; Amasuomo & Baird, 2016:88-96). The United Nation Statistics Glossary of 
Environment Statistics considers waste as materials without any crucial products; therefore, its 
purpose of production or use is no longer relevant. 
Several studies have presented similar meanings for waste from innumerable perspectives. For 
example, according to Yahya and Boussabaine (2006:6-19), “…waste is any losses produced 
by activities that generate direct or indirect costs but do not add any value to the product from 
the client”. Waste is defined by Worrell and Vesilind (2011:432) as “…consequence of 
everyday life-of all creatures”. Therefore, we see waste as an inevitable consequence of our 
modern society. In addition, the EU directive issued on waste management defines waste as 
any substance or object the holder discards, intends to discard or is required to discard. 
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Likewise, Keli Yu et al. (2015:1-6) also define waste as any substance that is been discarded 
as surplus or abandoned, therefore waste can be in a solid state which is seen as unusable and 
undesirable products in solid form resulting from the actions of and disposed materials by the 
public. This indicates that waste is mostly generated as a by-product of production processes 
usually through human activities, and the objects or materials are discarded immediately after 
use (Ekanayake & Ofori, 2000:1-6). Based on these definitions it can be concluded that 
“…waste is any material or substance obtained by either nature or human actions that pose an 
imbalance in an ecological system if not properly managed” (Nowak et al., 2009:8). 
In the construction industry, waste is regarded as a non-hazardous by-product of activities in 
the new construction and renovation (Tchobanoglous et al., 1993:63-90; El-haggar, 2007:261- 
292). Furthermore, according to Olusanjo, et al. (2014:9), it relates completely to every manner 
of waste, either generated throughout the extraction processes in crude materials extraction or 
the utilization of raw materials which involves human actions. This includes municipal waste 
from residence, institutions, commercial, agriculture, particularly health care, household 
hazardous wastes, and sewage sludge. Ekanayake and Ofori, (2000:1-6) describe waste in 
construction as materials produced as waste throughout the construction processes due to 
causative factors which include; the preparation of site, damage of materials, unused material,  
excess procurement due to human error. Packaging materials like concrete, glass, metal, plastic, 
insulation, gypsum, asphalt, wood, composites and site sweepings are various examples of 
waste generated on construction sites. 
2.3 WASTE CLASSIFICATION 
 
According to Brunner and Rechberger (2014:3-12), economic growth with rapid advancements 
in industrial development results in a rise in material consumption and manufacturing processes 
which consequentially generates waste. Over the years, waste accumulates and affects the 
environment and health significantly. The diversification of waste and its classification can be 
expressed in many forms, but waste generally is classified according to its source and properties 
(Dixon & Jones, 2005:205-233; Demirbas, 2011:1280-1287). It is crucial for this study to 
consider the various definitions of waste, as it will help to classify and segregate the different 
types of waste. 
According to Kohli et al. (2018:1-46), waste can be classified into five categories which 
include; according to their kind, form or physical, source of generation, origin, physio-chemical 
properties and their negative effects on environmental and human health. Most studies 
consulted for this research agree on this classification of waste. 
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2.3.1 Waste according to their kind, form or physical state 
 
White et al. (1995:1-12) state that, based on the physical state of a material, waste is grouped 
into three aspects namely: solid, liquid and gaseous waste. Waste that is simply seen is termed 
“Solid waste”. This is produced from diverse kind of activities of human like construction,  
industrial actions, mining and domestic use. (Tchobanoglous et al, 1993:63-90). Examples of 
solid waste are unused tyres, scuffle metal, fluid paint i.e. semi-solid, cabinets. However, liquid 
waste otherwise called “sewage” is a product of domestic washing, chemicals, used oil, and 
harmful domestic liquids. Gaseous waste for example carbon monoxide (CO) and carbon 
dioxide (CO2) is generated in gaseous form (Kohli et al., 2018:1-46). 
2.3.2 Waste according to the source of generation 
 
According to Kohli et al. (2018:1-46), waste classified according to the source is purely solid 
waste, it can be categorised into five-5 aspects viz.: municipal, industrial, commercial, 
biomedical, and agricultural waste. Furthermore, Hussein et al. (2018:1275-1290), explain that 
in several countries, the waste generated at source can vary from one municipality to another. 
2.3.2.1 Municipal Waste 
 
Waste generated in municipal areas, termed ‘Municipal waste’ is referred to as trash, rubbish 
or refuse generated from households and this waste is usually non-hazardous (Zhou et al., 
2014:107-122). The EU directive on waste disposal in landfills (1999/31/EC) describes the 
waste as domestic waste generated from households, likewise any waste that, because of its 
content is like household waste. OECD data (2020) defines municipal waste as the waste 
accumulated for treatment carried out by the municipalities generating the waste. In addition, 
similarly commercial waste, includes bulky household waste and waste obtained from office 
buildings. Waste materials generated from sewage and treatment plants in addition to waste 
generated from construction and demolition activities are not regarded as municipal waste. 
Kumar et al. (2016:2627-2637) indicate that there is variation in waste generated from one 
urban city to another as regards the composition. The composition of waste increases as daily 
demands of household utensils, home furniture and other appliances generate waste. The South 
African Council of Scientific and Industrial Research (CSIR) indicates that municipal waste is 
referred to as ‘domestic waste’. Several activities are often the cause of the waste generated in 
the municipality, but most of these wastes are related to residential areas and it consist mainly 
of hazardous material. However, majority of the municipal waste are generated in urban areas 
with high population density. 
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2.3.2.2 Industrial Waste 
 
Industrial waste is produced through industrial actions for instance; the manufacturing and 
processing companies that use chemical plants. Likewise, the paint industry, cement factories, 
metallurgical plants, food processing plants, the palm oil industry all produce waste through 
their industrial actions. Ngoc & Schnitzer (2009:6) state that the industrial waste produced are 
either toxic or non-toxic materials. In a study by Shafigh et al. (2014:110-117), a large 
percentage of the tons of industrial waste produced in countries like Malaysia, Indonesia, and 
Thailand comes from the palm oil industry. In addition, in the United State, industries generate 
about 7.6 billion tons of industrial waste which is being disposed of in several landfills. Figure- 
2.1 shows landfill disposal activities in the United States. 
 
 
Figure 2.1: Landfill sites for industrial waste disposal in USA 
Source: IDR Environmental Service (2015) 
2.3.2.3 Commercial Waste 
 
Usually, waste generated in a situation where major activities like business or trade, recreation, 
education, sport, or entertainment are carried out are often referred to as “commercial waste”. 
In fact, commercial waste comprises of materials which are usually the products of activities 
throughout the construction phases starting from site clean-ups, and domestic clean-ups to 
completion. Although, it excludes household, agricultural, or industrial waste resulted from 
construction activities. Generally, commercial waste is harmless. However, this waste is 
created when administrative, educational, and public buildings such as offices, hospitals, 
schools collapse. A significant waste stream through large amount of solid waste produced 
from this sector is often regarded as commercial waste. 
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Moreover, a survey indicated that almost 15-20 per cent of the total waste generated was 
commercial waste (DEFRA, 2016). In addition, in 2016, the United Kingdom generated about 
41 million tons of commercial and industrial waste. Figure-2.2 shows commercial waste 
disposal activity in the United Kingdom 
 
 
Figure 2.2: Commercial waste disposal at a landfill site in the United Kingdom 
Source: (expertmarket.com.uk) 
2.3.2.4 Agricultural Waste 
 
According to a study by Robert and Nisarg (2019:517-568), agricultural waste is waste from 
agricultural practices and contains both organic and non-organic waste generated through 
farming activities. In a study, Obi et al., (2016:957-964) describe agricultural waste as waste 
from the remains of products in the processing of raw agricultural products. This includes waste 
from poultry, meat, dairy products, fruits, vegetables, and crops. Williams (2005:63-90) 
indicates that the waste in agriculture includes manure, various crop residues and effluence 
from feed. Furthermore, as shown in figure-3 below, agricultural waste can be sub-divided into 
crop, animal, processing and hazardous waste respectively. 
2.3.2.5 Biomedical Waste 
 
Singh et al. (2014:14-20) define biomedical waste as “any solid or liquid waste including its 
containers and any intermediate product, which is generated during the diagnosis and treatment 
of human beings or animals”. As the name suggests biomedical waste includes products from 
the hospitals, medical centres, and nursing homes. The waste can either be in solid or liquid 
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form, and it contains disposed blood samples, sharp surgical instruments, soiled wastes, 
disposable anatomical waste and unwanted medical equipment (Kohli et al., 2018:1-21). 
According to a report by the World Health Organization (WHO), about 85 per cent of 
biomedical waste is non-hazardous. The remaining 15 per cent is regarded as hazardous 
materials containing infectious, toxic or radioactive elements. 
2.3.3 Waste according to its origin or types 
 
In construction, even though waste is recognised throughout the production period, still during 
advance production processes like the manufacturing of materials, design, supply of material 
and planning; waste is obviously also in existence. Therefore, waste occurs in various stages 
of construction and originates in the preliminary from the conceptual phase where waste is 
generated due to the absence of modulation. Also, at the planning phase, where there is a 
shortage of essential resources at the point of execution, in procurement phase; acquiring 
components of low qualities and finally in the maintenance of materials (Formoso et al., 
1999:328; Shai et al., 2017:29-30). 
2.3.4 Waste according to their properties 
 
According to Kohli et al. (2018:14-18), taking into consideration their physical properties, 
waste can be called either a biodegradable/organic waste or non-biodegradable waste/inorganic 
waste. 
2.3.4.1 Biodegradable waste 
 
Organic components of waste, which can easily be decomposed by composting, aerobic or 
anaerobic digestion, are often regarded as biodegradable waste. Examples of such waste are 
garbage, rubbish, paper waste and waste from cardboard, for example (Garcia, 2005:780-788; 
Kohli et al., 2018:17). Mostly, biodegradable waste can be made into compost materials or 
reprocessed into other useful materials. Therefore, it ends up being used as landfills or organic 
fertilizers in agricultural waste. It is accepted that the sustainable use of biodegradable waste 
reduces the influences on the environment. 
2.3.4.2 Non-biodegradable waste 
 
Non-biodegradable waste consists of those products that cannot be decomposed and remain as 
such in the environment indefinitely. This includes plastics, nuclear waste, glass, rubber tyres,  
Styrofoam, fiberglass, and metals (Kohli et al., 2018:16). Hence, non-biodegradable waste 
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cannot be recycled to useful products. In addition, non-biodegradable waste is often use as 
landfills where the waste is unavoidable. 
2.3.5 Waste according to effects on the environment 
 
At this point, hazardous waste or non-hazardous waste are sub-classifications of waste. The 
effects of waste on the environment can be summarise as either posing a great challenge as in 
hazardous waste or as harmless as in non-hazardous waste. 
2.3.5.1 Hazardous waste 
 
Kohli et al. (2018:21-46) describe hazardous waste as a chemical material that cannot be used 
for its intended use and is known to be harmful and which negatively affects plants, animals, 
human health, and the environment. This waste possesses deadly properties such as toxic, 
reactive, ignitable, explosive, corrosive, infectious or radioactive elements. 
2.3.5.2 Non-hazardous waste 
 
Waste materials that are safe to be used commercially, in industry as products and in agriculture 
are termed “non-hazardous” (Kohli et al., 2018:21-46). 
2.4 BENCHMARKS FOR WASTE CLASSIFICATION 
 
In 1999, a study was conducted by the World Bank to classify the waste generated. This waste 
classification is centered on its generation and this can be identified as household, waste from 
trades, industries, municipal services and construction or demolition. Likewise, waste produced 
from agricultural sources and processing are classified. The criteria for this classification are 
grouped into four categories which include waste source, physical state, composition of waste 
material, and risks rate. However, several countries have developed better benchmarks for 
classifying their waste generation. However, the benchmark for waste classification generated 
by the World Bank is still valid now. The requirement for the benchmark is the growing need 
to indicate the waste generated and ways of managing it. 
Table 2.1: Benchmarks for the waste classification 
 
BENCHMARKS WASTE CATEGORIES 
Waste Source Residential, commercial, industrial, municipal services, building or 
construction, and agricultural 
Physical State Solid, liquid, gaseous, and radioactive 
Material Composition Food waste, paper, card, plastic, inert, metal, glass, textile 
Risks Rate Hazardous, non-hazardous 
Source: World Bank Group (1999) 
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2.5 HISTORY OF WASTE MANAGEMENT 
 
The advancement in industrial activities brought about urbanization and consequently, quickly 
increasing populations and densely populated cities and an increase in the waste build up. 
However, this urbanization and quick advancement in industrialization has caused a surge in 
production and consumption processes consequential to waste generation, and because there 
are no tangible waste disposal rules in place, the environment has become clogged with rubbish 
(Hensel, 2016:1-15). However, Helbert (2009:1-45) indicates that in the late 18th century, the 
cognizance of solid waste management became obvious first in London, England. As then, a 
waste collection and resource recovery scheme were founded and are what is known as the 
“dust-yards system”. Nevertheless, the primary composition of the municipal waste at the time 
was coal ash called ‘dust’, which had an economic value for creating bricks, as well as making 
an improvement in soil fertility. Such production encouraged dust-contractors to recover 100 
per cent of the waste residual subsequently voluntarily commercial substances as waste could 
be removed from the public sector. This was also known as “rag-and-bone men”. 
Thus, it was an initial illustration of a scheme called the “urban-wide solid waste management”. 
Although, the “dust-yard scheme” was at work effectively up until the mid-1850s. However, 
due to the depreciation of the commercial value of “dust”, the scheme was rendered 
unproductive. However, it was imperative to ease a comparatively even shift towards an 
institutionalised, municipally run scheme that could manage solid waste in England. This 
steered the introduction of what is known as Public Health Act 1875. The Act imposed 
regulations on every household and each household had to drop their daily rubbish in a 
‘transportable container’ for removal by the waste management, and therefore the dustbin 
became prominently used in England (Velis et al., 2009:1282-1290). 
According to Velis et al. (2009:1282-1290), since considerable waste was now being generated 
every year, incinerators were considered as a way of disposal in England. From history, 
Nottingham was seen as the foremost builder of incinerators, followed by others. However, 
later, this type of plant became so unpopular as they created many airborne ashes. Landfills,  
therefore, became a preferred alternative method of waste management. In addition, exhausting 
old vacant quarry sites or open cast mining sites, landfills were a low-cost way out. 
Furthermore, according to Abarca et al. (2013: 220-232), poorly constructed and conserved 
landfills can have some difficulties, and equally create further environmental issues which is 
becoming more crucial to manage. 
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For instance, because of pollution and the untenable consumption of natural resources, 
techniques for waste disposal needs to be improved with more emphasis on recovering usable 
materials from rubbish. In a study by Chen et al. (2014:2466-2486), the leftovers as waste can 
be transformed to energy through energy recovery technologies. Nevertheless, waste 
management systems are directed towards reducing the waste to be as minimal as possible. 
2.6 DEFINITION OF WASTE MANAGEMENT 
 
Gbekor (2003:46) defines the management of waste as a process, which takes account of 
methods like waste collection and sorting, transportation, handling, and final disposal. 
Likewise, it involves the monitoring and regulation employed for waste material control. This 
regulation mostly involves an authorized regulatory framework that reveals acts of waste 
management incorporating regulation on recycling and re-use. According to Otchere et al. 
(2014:50-63), the management of waste is described as “a procedure step that involves the 
assemblage, transportation, handling, waste disposal, and waste material monitoring”. While 
Demirbas (2011:1280-1287) states that the process in which waste is collected, transported, 
and processed before any residual waste is disposed of, is regarded as waste management. 
In the Business dictionary (2019), waste management is defined “…as the process of collecting, 
transporting, disposing waste, sewage, and other unwanted materials”. It further describes it as 
all-encompassing efficient control of materials and resources for an appropriate control of 
waste materials. It is the conservation of resources, transportation of materials and utilisation 
of facilities that obey health safety rules through eco-friendly procedures. Similarly, the Eco 
life dictionary (2019), describes the idea of waste management as the process involved in 
collecting, removing, processing, and disposing of waste materials. According to Shekdar 
(2009:1438-1448), management of waste includes all actions and activities that are vital to 
waste management from inception to the last ultimate disposal. The concept of waste 
management customarily covers the management of waste substances generated by the actions 
of human agents. 
Likewise, according to Joshi and Ahmed (2016:1-18), waste management is regarded as the 
processes that ensure the minimisation, of the negative effects of waste on health and 
environmental safety. Furthermore, waste materials can be solid, liquid, and gaseous which are 
generally generated through human activity and the handling of these materials in the most 
efficient manner is called “waste management” (Kohli et al., 2018:1-46). Vergara and 
Tchobanoglous (2012:277-309) explain that to avert the negative effects of waste, suitable 
design and control are important. Likewise, Ghiani et al. (2014:22-32) indicate that a proper 
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structure for sustainable waste management implementation becomes an integral responsibility 
desirable to achieve a safe and protected environment in several countries. 
2.7 FUNDAMENTAL COMPONENTS OF WASTE MANAGEMENT 
 
In 2017, the United Nations reported that a waste management plan is projected to avert the 
negative effects of waste on either the environment or aesthetics, but the effectiveness is 
noticeable when it is well operated. Thus, disposal methods are employed to solve the 
difficulties in minimizing waste. Although, there are various methods enough to dispose of 
waste, some of these methods are unsuitable. Peter et al. (2002:358) explain that the 
management of solid waste is classified into five (5) components which include waste 
generation, waste storage, transportation, collection, and waste disposal. The basic steps in 
instituting a waste management plan are subject to these components. Therefore, there is a need 
to understand and implement them in designing any waste management plan (WMP). 
In addition, most of the waste management plans designed should be sustainable in order to 
tackle the challenge of waste in the construction industry. However, the step-by-step 
approaches given for the implementation of these components must be followed accordingly 
(Ginindza & Muzenda 2013:1-10). 
2.7.1 Generation 
 
The point in which materials or products are considered useless and valueless, hence its owners 
are willing to throw them away; although, these wastes might seem useful to others is termed 
“waste generation” (Peter et al., 2002:368). The production of waste starts at the source, also  
the waste can be effectively managed at the source. According to Aniramu et al. (2019:20-24), 
the amount of waste generated varies with population density and urban development. 
2.7.2 Storage 
 
The system of keeping waste materials prior to their collection and disposal is referred to as 
“waste storage”. Therefore, to make the system sustainable in any municipality, an improved 
storage facility should be provided. In addition, the process of storing the waste must be in 
accordance with government regulations, but in some countries, levies are paid by the public 
sectors where the private companies provide the waste storage facilities (Kleis et al., 2004:8). 
2.7.3 Collection 
 
Waste collection is referred to as the process by which waste is transferred from the place of 
usage and disposed to another place such as a treatment plant or landfill. Hence, it is important 
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to plan for the right waste collection procedures to be adopted to ensure that facilities for waste 
storage are not overburdened. Likewise, the internal collection and volume should be estimated 
cautiously (Wilson et al., 2006:797-808). 
2.7.4 Transportation 
 
This stage involves the transportation of waste to the final disposal site. According to Peter et 
al. (2000:258), the transportation system can either be through human or motorised methods 
depending on the volume of the waste. Waste materials are either transported to landfill sites 
or treated through incineration. Waste materials can also be sent to the recycling plant where it 
will be transformed into secondary materials. This secondary material is further transported to 
the secondary material market for sales. All transportation logistics are carried out to ensure 
there is no avenue where waste can be generated. Despite this waste is still being generated 
across the transportation system in many countries. 
2.7.5 Disposal or treatment 
 
The waste is eventually disposed of where health risks are reduced. In addition, there are several 
methods of waste disposal; waste can be treated to avert the negative effects on health and the 
environment. However, waste should be disposed of when the waste cannot be treated. 
According to Rinkesh (2019:1-3), the treatment of waste is regarded as a key component of 
waste management, because the target is to reduce the toxicity of the waste. 




According to Rinkesh (2019:1-3), waste disposal in landfill is considered the most common 
method used by major developing countries. Waste is disposed of while all other efforts are 
concentrated on burying the waste in the ground. Although the practice is gradually waning off 
currently; due to the lack of vacant space and the resilient existence of methane and other 
landfill gases, both of which can cause frequent contaminable diseases and harm (Ruth et al., 
2017:1-48). Generally, landfills contribute significantly to the pollution of air and water. This 
severely affects the ecosystem, which can prove deadly to the survival of an individual or 
animals (Rinkesh, 2019:1-3). 
2.8.2 Waste Incineration 
 
A large portion of waste sent to landfills can also be burnt at high temperatures to transform it 
into a residue and gaseous products, this process is known as “combustion or incineration”. 
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The advantage here is that the process ultimately moderates the amount of waste to nearly 20- 
30 per cent of the original size and also reduces the space it occupies, thereby reducing the 
pressure on landfills (Rinkesh, 2019:1-3). Kleis et al. (2004:1-24) explain that incineration 
lessens the bulk of the original solid waste to about 80-85 per cent while the mass is reduced 
by 95-96 per cent, subject to level of recovery and composition of materials. It can, in most 
cases be useful for the treatment of certain waste forms like clinical or hazardous waste. In a 
report by the Danish Energy Statistics, it was shown that in countries where the land space is 
scarce like Japan, Singapore and the Netherlands, there is a prevalence of waste combustion. 
In 2005, it was reported in Demark that waste incineration generates electricity consumption 
of about 4.8 per cent and heat consumption of about 13 per cent. Some countries in the Europe 
such as the Netherlands, Luxembourg, France and Germany depend on incineration for 
managing waste from their municipalities (Kleis et al., 2004:1-24). However, there are 
concerns about the use of incineration in waste handling in these European countries. In 2009, 
for example, a report from the UK Health Protection Agency concluded that the current (at the 
time) managed incinerator made a minor contribution to the local absorption of air pollutants, 
and that it is unlikely that its negligible amount can cause a negative effect on health. Although, 
such effects if it occurs, are likely to be insignificant and not detectable. In 2016, a report by 
the European Environmental Agency signified that most municipalities which operate 
incineration services have greater recycling rates than others do that do not use incinerators. 
Figure-2.3 below illustrates a schematic-model of a waste incineration process in USA. 
 
 
Figure 2.3: A waste incineration scheme in USA 
Source: US National Research Council (2000:34-35) 
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2.8.3 Resource Recovery 
 
Many unsafe and environmentally harmful dioxins and Carbon (IV) oxide gases are emitted 
when trash is burnt in furnaces. Hence, it is necessary to design and implement a sustainable 
method that will first conserve discarded but beneficial materials before burning them. This 
will provide an alternative method to the incineration of landfills, and is necessary to achieve 
the full recovery of resourceful waste for defined future application (Purnell, 2019:1-20). The 
discarded materials should then be sorted out to extract recoverable materials and resources or 
to change the waste into energy in the form of reusable heat, fuel, or electricity (Davison, 
2011:27-59). According to Velenturf et al. (2019:963-969), the resource recovery, more than 
just managing waste, is also an integral aspect of a circular economy in which resources are 
extracted and waste generations is reduced. 
Consequently, the material produced is considered more sustainable for durability, re-use, and 
recycling. However, material recovery can only be boosted through government regulations in 
creating eco-friendly infrastructures (Purnell, 2019:1-20). The inconsistency in the 




According to Li et al. (2011:1545-1548), the composting process is an aerobic means that needs 
the existence of air to decompose organic solid waste. Banks et al. (2014:12-22) describe 
composting as a practice which can be used in recycling organic matter which is decomposed 
into humus-like material. According to Roger (1993:1-23), for biodegradable waste, 
composting is an easy way to dispose of waste, though it takes time for the process of 
decomposition to be completed. Lalender et al. (2018:84-91) state that for composting to take 
place it needs three consequential components namely human supervision, aerobic conditions, 
and the design of internal biological heat. 
Similarly, Jenkins (2005:255) explains that the organisms need to have four equally important 
ingredients to perform efficiently. Firstly, carbon which can produce energy, because the heat 
is produced by the microbial oxidation of carbon when added at a certain level. Secondly, 
nitrogen can become mature and replicate extra organisms that oxidize the carbon. 
Furthermore, waste materials can become wet when nitrogen is high. Thirdly, oxygen can be 
used for carbon oxidation through the process of decomposition. Finally, the right proportion 
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of H2O is essential to retain the reaction without triggering anaerobic conditions. Composting 
can be applicable only to decomposable waste from construction works. 
2.8.5 Energy Recovery 
 
Even though energy recovery is not recycling and does not profit from the re-use of reproduced 
materials, it remains a decisive part of achieving sustainable development (Valerie, 2019:1- 
16). But then again, the energy recovery is an alternative waste disposal method that includes 
transforming waste that could not be recycled, into materials usable as heat and energy. In 
2017, a report stated that processes such as recycling of materials and energy recovery are 
intimately connected to the waste avoidance and minimisation, thus reducing its economic and 
environmental impacts (USEPA, 2017). Therefore, energy recovery, together with material 
recycling, provides unconventional and complementary ways of achieving the decisive 
sustainable value from natural resources and their waste, thus decreasing the depletion of virgin 
resources (Valerie, 2019:1-16). According to Shooshtarian et al. (2019: 112-130), energy 
recovery is a practical step towards eliminating residual waste and the processes of energy 
recovery further provide the possibility for material recovery. 
2.8.6 Waste Avoidance 
 
Abarca et al. (2013), state that the avoidance of waste or waste reduction is regarded as the best 
waste disposal process. Minimizing the generation of waste indicates the waste reduction 
transported into landfill sites, although this practice of reducing or minimizing waste called 
“Waste avoidance" is widely adopted by most developed countries. Implementing waste 
avoidance approaches is now being considered as the most important strategy, bearing in mind 
the various advantages. Methods such as reusing recycled or secondary materials, designing 
materials to be reusable, and avoiding using disposable materials are some of the potent waste 
avoidance practices (Dao-Tuan et al., 2018:212-227). 
2.9 WASTE MANAGEMENT HIERARCHY 
 
According to Kazerooni et al. (2012:937-944), an idea vis-à-vis the waste management which 
acts as a basis for developing waste management strategies is termed “Waste management 
hierarchy”. Numerous waste management systems follow a universal acceptable order. In the 
early 1970s, Ontario’s pollution probe was known as the usage of waste management hierarchy. 
Likewise, Peng et al. (1997:49-58) define waste hierarchy as the foundation for the 
establishment of several approaches to waste management. However, a waste management 
hierarchy is constructed with the intention of retrieving the most useful benefit from materials 
50  
and generating the least possible volume of end-use waste (Williams, 2005:63-120; Demirbas 
et al., 2011:1280-1287). 
2.10 WASTE MANAGEMENT STRATEGIES IN CONSTRUCTION 
 
Lately, studies into waste management strategies are thought provoking and create the idea that 
construction material depletion, and disposal follows an unavoidable system called “cradle to 
the grave approach” (Peng et al., 2010:49-58). Also, McDonough and Braungart (2002:193), 
indicates that waste management systems are viewed as being a working measure referred to 
as a “cradle-to-cradle cycle” where materials are always applied all through various steps in 
the lifecycle, and under no circumstances should it be downgraded to lesser products. However, 
Zabaniotou and Kassidi (2003:549-559), state that waste or source reduction initiatives, 
together with waste avoidance, waste minimisation and making upcycling material seeks to 
reduce the amount of waste generated by altering patterns or transforming the production and 
consumption of resources. 
In 2014, the US Environmental Protection Agency indicated that the reduction of waste 
generation has a double-fold benefit in relation to the reduction in gas emissions that causes 
greenhouse effects. Firstly, the gas emissions that are produced during the manufacturing 
process of material of products can be prevented. Then secondly, assisting the reduction of 
emissions relates to waste avoidance or management activities. Similarly, Renner (2016:217- 
229), indicates that the noteworthy profits from recycling and recovery make it a worthy 
strategy in construction projects. In many countries, a considerable proportion of discards are 
recorded by informal waste pickers at the point of collection and disposal sites. For instance, 
in China, informal picking of waste is attributed to about 20 per cent of waste recovered for 
recycling (Hoornweg et al., 2012:45). 
Furthermore, composting which is regarded as an alternative strategic waste management for 
construction waste material which can be either an aerobic (with O2) or by avoiding methane 
formation related to the condition or anaerobic process i.e. (absence of oxygen) (Hoornweg et 
al., 2012:45). However, in a study by Breeze, (2018:29-37), it was stated that organic waste 
material is treated in a sealed container especially when adopting an anaerobic digestion 
process that involves the treatment of waste material. Notwithstanding, the formation of 
methane through an anaerobic digestion process can be used to produce electricity or heat and 
this can only be applied to waste containing such organic compounds (Richards et al., 
1994:275-282, Breeze, 2018:29-37). 
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In addition, about 90 per cent of the quantity or volume of disposable construction garbage 
material can be reduced by energy recovery and waste incineration. This increases the level of 
minimization, which is only evident in waste streams that have a high quantity of packaging 
materials, paper concrete waste, cardboard, and plastics (Kleis et al., 2004:1-24). Furthermore, 
the recovery of energy value rooted in waste before final disposal is prepared to direct landfills 
if costs and pollution control conditions are well considered. Therefore, incineration is a 
preferred choice because of pollution and costs incurred and such waste materials from any 
other process must be channeled to a waste disposal site (Valerie, 2019:1-16). 
Since, landfilling is commonly practiced, then sites for the final disposal of construction and 
demolition waste must be constructed and sustainably managed for the purpose of 
environmental and human health safety (Chen et al., 2014:2466-2486). In addition, the United 
State Environmental Protection Agency (EPA) describe landfilling as a regular open-dumping, 
controlled dumping, landfilling to sanitary land. 
2.11 DEFINITION OF CONSTRUCTION AND DEMOLITION WASTE 
 
The definition of construction and demolition waste (C&DW) varies from one researcher to 
another. However, most studies describe C&DW as the waste generated in construction, 
renovation, and demolition actions. This action includes site clearance construction starts, 
excavation or formation work, roadwork, building renovation and all demolition activities 
(Macozoma, 2006:1-5; Kofowola & Gheewal, 2009:731-738). Similarly, it can be described as 
solid waste, which contains concrete debris and diverse kinds of bricks. Not only that, but it  
also contains concrete blocks, several categories of tiles, steel reinforcement, wood, plastic, 
and packages (Katz &Baum, 2011:353-358).In addition, the Indian Ministry of Urban 
Development defines C&DW as the sort of waste generated in construction activities, which 
include housing, the demolition of roads, bridges, and flyovers, subways and remodeling in 
construction. However, it comprises of inert and non-biodegradable material such as concrete, 
plaster, metal, wood and plastics. 
Gavas et al. (2001:22-29) describe C&DW as materials generated when new building and 
civil-engineering structures are built, also when current buildings and civil-engineering 
structures are renovated or demolished with deconstruction activities, but such civil- 
engineering structures comprise of every public building project such as street drainages, road 
or highways, bridges, utility plants and dams. In addition, the C&DW regularly contain bulky 
materials for example, waste generated as concrete and wood from buildings. Likewise, asphalt 
from roads and roofing shingles, metals, bricks, glass, plastics, also salvages from building 
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components such as windows, door and plumbing fixtures, earth, and rock from clearing sites 
(Nagapan et al., 2012:299-309). According to Ajayi et al. (2017:330-339), materials produced 
from various construction activities in the form of waste is simply labeled “construction waste”. 
In 2018, the EPA in Hong Kong describes C&DW as “any material that is generated as a 
product of construction work and abandoned, whether or not it has been sort out or stockpiled 
earlier than the abandonment. It is a mixture of surplus supplies arising from site clearance, 
excavation, construction, refurbishment, renovation, demolition, and road works”. 
Consequently, we can see that several descriptions are given to C&DW. This is applicable in 
several parts of the world, which makes cross-country contrasts burdensome: but it is 
comparable in several countries. In fact, the material from land leveling is also regarded as 
C&D waste. Figure-2.4 below shows an example of demolition waste deposit in Australia. 
 
 
Figure 2.4: Demolished waste material deposit in Australia 
Source: The conversation.com (2019) 
2.12 CLASSIFICATION OF CONSTRUCTION AND DEMOLITION WASTE 
 
2.12.1 General waste classification in construction 
 
The theoretical aspects of waste have certain deficiencies when it comes to quantifying the type 
of waste and its subdivisions. To understand these, a deeper knowledge of waste in general is 
required, before venturing into the area of construction waste. Anis et al. (2001:1-12) indicate 
that generally waste in construction projects can be categorized into two groups, which are time 
waste and material waste. This classification has been accepted by several other researchers 
and it is grounded on the duration of construction and materials utilization on sites. 
53  
2.12.1.1 Time waste 
 
Time waste, which includes the waiting time in construction, industrial action, site clearing up, 
and discrepancies in information provided on sites, rework, suspensions of planned work, and 
unusual wear in construction equipment parts (Anis et al., 2001:1-12). 
2.12.1.2 Material waste 
 
Material waste consists of overordering, over-production, inappropriate management, 
improper storage, and faults in manufacturing processes. It also consists of demolition wrecks 
and packs generated on construction sites as waste which comprises of bricks, glass, metal, 
concrete, re-bar, paper, plastic, electrical device, cables, steel. (Anis et al., 2001:1-12). 
2.12.2 Classification according to physical nature 
 
In research work done by Nagapan et al. (2011:1-10), waste was classified according to both 
the physical nature and waste management regulations. Asgari et al., (2017:14-15), indicate 
that waste classified under the physical nature can be either hazardous or non-hazardous waste. 
Similarly, Nagapan et al. (2011:1-10; 2012:2-3) indicate that construction and demolition are 
grouped into two (2). These can either be physical or non-physical waste. 
2.12.2.1 Physical waste 
 
The kinds of waste that are generated from roadwork, construction, renovation, and demolition 
actions are referred to as ‘physical waste’. Similarly, according to Katz and Baum (2011:353- 
358), “most physical construction waste consists of a mixture of both inert and non-inert 
materials generated from construction, excavation, renovation, demolition, roadwork and other 
construction-related activities. Furthermore, physical waste is defined as waste from 
construction, remodeling, and repairing of residential, commercial, industrial and similar 
structures, although this waste or construction debris can be seen on construction sites as 
consisting of loss of materials, which is usually used as landfills (Shen et al., 2014:472-481). 
Nagapan et al. (2012: 15-20) indicate that the physical waste is sub-classified into both inert 
and non-inert waste in construction projects. However, the former is about 20 per cent of the 
total consisting of bamboo, vegetation and packaging waste for example. Nearly all of this type 
of waste can be recycled while the remaining can just be disposed of in landfills. The latter 
category is also regarded as public-fill since it largely comprises rubble, bitumen, and 
construction debris, hence it can be used for land formation in a recovery site. However, 
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demolition waste is characterized as any material that arises as a direct outcome of a site 
clearance and site formation works (Poon, 2007:1715-1716). 
According to Kofoworola and Gheewala (2009:731-738), the waste includes completely 
different types of debris generated when the housing structures are demolished, and often 
contains material such as bricks, concrete, reinforcing bars and other rubble, derelict 
equipment, plant and furniture, wood and general refuse, and felled trees. In 2015, the Hong 
Kong Environment Protection Department in a report indicated that more than 80 per cent of 
construction waste is inert and is known as public-fill and this public-fill includes debris, 
rubble, earth and concrete which is proper for land recovery and site development. While 
properly sorted materials such as concrete and asphalt can be recycled for use in building 
project. The remaining non-inert substances in construction waste include bamboo, timber, 
vegetation, packaging waste and other organic materials. 
In contrast to public-fill, non-inert waste is not appropriate for land reclamation and subject to 
recovery of reusable or recyclable materials, which can be disposed in landfills. However, 
demolition sites regularly generate the maximum proportion of C&D waste, followed by 
renovations while construction sites generate the least. Waste recovered is utilized in a high- 
level application such as, road construction building and formed a layer. The ratio between 
inert and non-inert waste reveals that a larger percentage of C&D waste is inert waste 
(Kofoworola & Gheewala, 2009:731-738). 
2.12.2.2 Non-physical waste 
 
Nagapan et al. (2011:1-10) describe non-physical waste as being associated with increased 
cost. Likewise, the delay on construction projects is understood to be the cause of time loss and 
results in a loss in investments. Non-physical waste can be identified in construction work when 
non-value-adding mechanisms are used. The words ‘non-value-added action’ are applied to 
differentiate between physical construction waste generated on-site and waste generated during 
the construction process, which is a type of waste also referred to as intangible waste, in-direct 
waste or non-physical waste by several other researchers. Alwi et al. (2002:305-315) describe 
non-physical waste as waste materials associated with activities such as renovation, waiting 
time and delays. Besides that, non-physical waste can also be considered as any ineffectiveness 
arising in the use of equipment, materials, labour and money in the construction process. 
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This implies that waste in construction is not only generated on-site, but it is also being 
generated through poor handling of materials, overproduction, waiting period, inventories and 
unnecessary transfer of workers (Nazech et al., 2008:1-7). The figure-2.5 below shows the 
relationship between inert and non-inert waste according to their material sources. Roadwork 
material is considered to generate about 98.7 per cent of inert waste, while building renovation 




Figure 2.5: Inert and non-inert waste category 
Source: Raphael (2012:4) 
2.12.3 Classification according to regulations 
 
Several countries classify C&D waste according to their government regulations. For instance, 
in Turkey, there are regulations that enable the classification of waste. This regulation 
according to Arslan et al. (2011:313-332) includes general rules about administrative and 
technical subjects on the reduction, collection, temporary storage, recovery, evaluation, and 
disposal of excavation soil and construction and demolition waste. The most dynamic of this 
regulation on recovery and control of construction and demolition waste is called: Regulation 
of the Control of Excavation Soil and Construction and Demolition no: 25406 enacted by the 
Ministry of the Environment and Forestry, which came into force on March 18th, 2004”. 
Figure-2.6 below shows this grouping, and according to the grouping, waste from roadworks 
includes runways, railroads, and other demolition activities, which generates mostly concrete 
as waste. While in complex construction, waste is generated in construction, excavation, 
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renovation, and refurbishment. The waste generated includes concrete, brick, sand and pebbles. 
(Arslan et al., 2011:321). 
 
 
Figure 2.6: Waste grouping 
Source: Arslan et al. (2011:321) 
2.13 GENERATION OF CONSTRUCTION AND DEMOLITION WASTE 
 
Waste material generation is a prominent issue in every country, even in developed countries 
of the world, while the management of C&DW generated is a serious environmental concern. 
According to McDonald and Smithers (1998:71-78), C&DW contributes nearly 15-30 per cent 
of the entire volume of waste that is disposed of in several landfill sites in most countries. Ferry 
et al. (2012:182-192) suggest that this figure might increase to approximately 40 per cent when 
taking into consideration the amount of C&DW generated in construction projects. Meanwhile, 
on sites, waste generated retains major quantities of C&DW produced every year in any 
construction sectors. According to Ferry et al. (2012:182-192), the waste generated in 
construction sites result in cost factors for the contractors such as, transportation, waste 
disposal, and then procurement costs. However, it is expected that a drop in the volume of 
waste on construction sites can lead to a reduction of the cost spent for raw material purchase 
and charges paid for the disposal of the waste produced on sites (Ferry et al., 2012:182-192). 
It is accepted worldwide, that waste management is important to a sustainable construction 
economy, in which waste production is controlled and minimized by employing expert builders 
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and contractors (Shen et al., 2017:472-481). In an estimation, it is specified that nearly 80 of 
waste stream created on-site is recyclable and usable (Elgizawy et al., 2016:1306-1313). 
Furthermore, Omotayo et al. (2017:596-611) show that the continual increase in the production 
of C&DW globally calls for serious concern, but this increase can mostly be attributed to the 
escalating growth in population, which has resulted in a high demand for buildings, and the 
rising collapse of buildings. This was confirmed by Fishbein (1998:100) who indicated that 
construction and demolition debris regularly constitute nearly 10-30 per cent of the waste 
expected at several landfill sites around the urban cities. 
Similarly, it is estimated that almost 15 percent of the construction materials supplied to sites 
finally go to landfills. Likewise, it is estimated that about 15 percent of materials procured for 
use on sites ends as waste in the end. At demolition sites, nearly 100 percent of the waste 
produced is waste designed for landfills i.e. after the normal consumption of basic high value 
products (Jeffrey, 2011:7-8). This indicates that C&DW makes for a huge amount of the total 
waste stream of any country. Consequently, Ekanayake and Ofori (2000:1-6) showed that the 
construction sectors are to be regarded as a wasteful sector. 
2.13.1 Global estimate of waste 
 
Vilas (2007:97-104) specified that globally, C&D waste generation of about 2-3 billion tons is 
estimated as waste generated annually of which 30-40 percent comprises of concrete materials. 
It also showed that many countries do not have detailed regulations designed for C&DW. Only 
a few include some sections in their solid waste management regulations and policy. In 2016, 
the annual report of municipality waste management departments in Dubai, indicated that 270.7 
million tons of construction waste were removed from various construction sites in the city.  
Likewise, a record growth of 16.3 per cent increase in comparison to the waste generated just 
100.5 million tons. According to Saez et al. (2011:137-146), most countries generate 500 to 
1000 kg per capita per annum of C&DW. 
For instance, in Europe per year, the C&D waste generated is estimated to be approximately 
890 million tons. It was further revealed that a smaller proportion of waste from the 
construction sectors is re-used or recycled, while the majority is disposed of or used as landfills 
(Saez et al, 2011-137-146). Waste contributes more than 50 per cent of all landfill volume in 
the UK i.e. about 70 million tons of C&DW is discarded annually (Arslan et al., 2012:313- 
332). Likewise, the US construction industry generated over 100 million tons of C&DW per 
annum, and approximately 29 per cent of the solid waste stream in the US is generated in the 
construction sector. Craven et al. (1994:89-98) and Arslan et al. (2012:313-332), indicate that 
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in Australia, construction activities generated roughly 20–30 per cent of all waste which were 
directed to landfills. Although C&DW is a global concern, this concern is more crucial to 
developing countries that are arriving or already entering a period in which construction thrives. 
In 2016, the World Bank group in USA estimated that in Africa, where most of the world’s 
developing countries are found, we should expect less C&DW prior to the factors that result in 
an increase in income levels and an increased rate of urbanization, producing subsequently 
more C&DW. Notwithstanding, in sub-Saharan Africa, waste produced is roughly 62 million 
tons per year. However, total waste accrued per capital is low in this region, but the waste is an 
average of 0.65 kg per capita and ranges from 0.09 to 3.0 kg per person per day. Accordingly, 
concrete, tiles and mortar constitute the majority, about 62-93 per cent of building waste in 
Denmark and relative to the building area under construction, renovation or demolition”. Wood 
and other combustibles, which are significant during renovation amount to 26 per cent (Thomas 
& Lizzi, 2011:105). 
2.13.2 Evaluation of waste material generation by world’s regions 
 
All around the world the waste generation rate rises daily, which is greatly influenced by global 
urbanization and population growth. In summary, waste materials start their generation during 
the construction phase and go on throughout the lifespan of the building, such as usage, 
renovation, and demolition. The generation of C&DW differs depending on the type and 
function of the building in each phase of construction, usage, demolition, and reconstruction 
stages (Arslan et al., 2012:313-332). In 2018, a report by the World Bank group on a global 
review of solid waste management indicated that in 2016, the worlds’ cities generated 2.01 
billion tons of solid waste, amounting to a footprint of 0.74 kilograms per person per day. 
Furthermore, with rapid population growth and urbanization, annual waste generation is 
expected to increase by 70 per cent from 2016 levels to 3.40 billion tons in 2050. Figure-2.7 





Figure 2.7: Waste material generation per capital/day in 2016 
Source: World Bank Group USA (2019) 
2.14 COMPOSITION AND QUANTIFICATION OF C&D WASTE 
 
According to Asgari et al. (2017:14), the composition of C&DW relates to some parameters 
such as the types of the structures, age of the structures, method of building, method of 
demolition and materials used in construction. For example, debris resulting from new 
construction is likely to contain significant amounts of plastics and drywall laminates, while 
older buildings may contain lead piping and plaster. Generally, the composition of C&D waste 
comprises drywall, concrete and aggregates, asphalt, wood, glasses, soil, rubbles, metals, tiles 
ceramics and packaging materials such as plastics and papers. In addition, C&D waste materials 
in some countries include bitumen, brick and masonry (Harish et al., 2015:700-714). 
The initial step towards waste management should be the estimation of the percentage of 
quantity of waste. Yost and Halstead (1996:453-461) indicate that waste material quantification 
shows the exact amount of waste generated on sites, thus it is necessary to indicate the amount 
of waste generated on a particular site and this will contribute to providing sustainable 
strategies to either avoid or completely eliminate the waste. In addition, the quantity of material 
entering the construction sites and the amount of C&D waste generated and transported out of 
the sites is simply appraised through approaches employed to quantify the waste. Figure-2.8 




Figure 2.8: Waste composition in USA 
 
Source: EPA (2014) 
2.15 SIGNIFICANT FACTORS INFLUENCING C&D WASTE GENERATION 
 
The amount of C&D waste produced in a one year depends on the rate of industrialization and 
urbanization in the developed nations. However, in the developing countries, waste is 
accumulated or generated due to lack of awareness and misperceptions from the side of the so- 
called waste management stakeholders (Elgizawy et al., 2016:1306-1313). Furthermore, 
inappropriate and traditional methods used on construction sites play a pivotal role in 
increasing the amount of waste generated, while other factors are literally the issues with the 
wastage of materials in activities performed on construction sites. Likewise, damages and 
spillage, contamination of materials, storage beyond the expiry date, over supply, a shipment 
of out-of-specification materials and items to construction sites generates waste (Ekanayake & 
Ofori, 2004:851-861). 
Several researchers intended to classify these critical influencing factors into several 
components. For instance, in a study by Nagapan et al. (2011: 299-309) the factors that 
contributed to construction waste generated is grouped into seven categories on the pedestals 
of matrix analysis of the contributing factors. This matrix analysis indication is based on the 
severity of each factor, although the “frequency of the factors is like those identified by past  
researchers around the world. The construction industry often experiences waste generation 
throughout the life cycle of the construction project phases. However, the causes of this waste 
generation can be view from these following five phases. They are design, procurement, 
materials handling, construction or renovation and demolition (Ajayi et al., 2014:261-280). 
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Table 2.2 Significant factors influencing C&D waste generation 
 
S/N PROJECT PHASE SOURCES OF C&D WASTE 
1 Design Errors due to planning, error due to construction detailing, 
and changes in design 
2 Procurement Supplier error, Ordering error, and over allowance 
3 Materials handling Inappropriate storage, Deterioration, Improper handling (on- 
site or off-site) 
4 Construction or Renovation Worker’s fault and added labourers’ error, error in equipment 
handling, left over materials on sites, Others external factors 
(e.g., catastrophe, accident, and weather) 
5 Demolition Tipping 
Source: Ajayi et al. (2014:261-280) 
 
2.15.1 Frequent design changes 
 
The Frequent change in design were discovered to be the most prevailing cause for generating 
construction waste with the highest occurrence among other factors. These problems might 
arise owing to the last minute’s client modifications during the construction activities (Nagapan 
et al., 2012:22-28). This becomes an issue due to lack of communication between contractors, 
designers and the clients during design work. At the design stages, the client must sit together 
for getting the final decision before the contractor undertaking the construction projects 
because it is a crucial aspect after the drawing stage. Whenever changes occur after the 
construction, to rebuild according to new drawings need a lot of rework and its time taking 
(Ekanayake & Ofori, 2000:23-25). Therefore, to overcome this problem, more attention should 
be given in waste reduction during the design phase. The parties, who involve in any 
construction projects, should always have good communication with clients to avoid the last 
minute’s changes. 
In addition, carelessness at the design stage leads to excessive cutting wastes and shortages of 
materials on site. The design and rare standard formwork can affect the constructability and 
assemblies of a building. Plan and detail errors because of time constraints can cause variations 
that require input of additional materials (Ekanayake & Ofori, 2000:23-25). 
2.15.2 Ordering error in procurement 
 
Faults in taking-off, unfinished detailing and small quantity of materials required in renovation 
work are the main cause of over-ordering. In addition, lack of care during transportation can 
result in a materials damage. “The ordering errors such as over ordering and under ordering 
become the main issues during the ordering process (Chakkrit et al., 2019:3-5). For example, 
the excessive of brick and concrete mixture at the construction site was due to over ordering. 
On the other hand, if under ordering, fewer materials available at the site during the 
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construction process will lead to stoppage of works on site. Another example, if lack of concrete 
premix during concreting activities, this can cause delay and need waiting time for the material 
supply. Apart from this, sometimes poor ordering of materials does not fit in terms of quality, 
type and dimensions for the actual works at the site. This type of mistakes happens and at last, 
ends up as material waste. Thus, proper material ordering plays an important part and helps to 
reduce material losses and damage for construction projects (Nagapan et al., 2012:22-28). 
2.15.3 Material Handling 
 
Wrong material storage is also ranked in first place in the handling category. Lack of confined 
space always causes storage problems for materials. “Consequently, waste results from bad 
stacking, rusting of steel, damaging and aging of formwork. This problem is always connected 
with the improper storage methods due to handling activities. For example, the wrong handling 
method used for bricks during construction leads to cracks because the material is brittle and 
must be handled with care. In addition, material handling problems always occur because of 
human error, and apart from this, the wrong storage also occurs because of inappropriate 
protection strategies. Without proper protection, the materials end up as waste. Proper storage 
of material is necessary for avoiding construction waste generation (Bossink et al., 1996:55- 
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2.15.4 Construction or Renovation 
 
The construction process accounts for the physical generation of waste materials. Poor 
supervision by the main contractors over the labour and sub-contractors can result in human 
error that can also result in waste generation (Wang et al., 2011:1-4). In addition, over-mixing 
and materials surplus frequently occurs for wet trade like concreting and block wall. 
Malfunction of equipment and its use by the labourers could cause damage to materials. 
Leftover materials on-site is one of the causes of construction waste and can be seen with the 
naked eyed after construction. This cause of waste is also classified as physical waste on site. 
The leftover material on-site is commonly the cut-offs of steel bars used for formwork and 
broken bricks. This leftover scrap always occurs at the end of the construction project (Nagapan 
et al., 2012:22-28). 
According to Ajayi et al. (2014:261-280), construction and renovation has proved to be the 
phase with the potential to generate the highest rate of construction waste. Management plays 
an important role in contributing to waste generation. Less attention paid to workers during 
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material handling on-site causes waste. This problem occurs due to poor planning skills by the 
management of the site. The project managers need to assign a good and dedicated supervisor 
at the site. In addition, workers’ mistakes are a common key cause for generating construction 
waste. The workers’ mistakes occur due to untrained labourers, lack of skills and poor work 
attitudes. This results in material waste such as bricks, lightweight concrete, plaster, and tiles. 
An incompetent supervisor and project manager can lead to poor workmanship and the 
improper material handling by workers. Furthermore, the wrong planning methods applied by 
management generate construction waste. Before planning, management must bear in mind the 
required human resources, such as how many workers and supervisors are needed for the 
construction projects and also what type of equipment and how many tools are needed for the 
specific work planned. Thus, proper planning is the key managerial function that should be 
used to eliminate these waste causes (Faniran & Caban, 2007:182-188). 
2.15.5 Demolition Works 
 
This is contrasted with deconstruction which is a deliberate dismantling of building 
components, specifically for re-use, recycling and waste management, while demolition is the 
pulling down of building. Demolition happens when the structure is no longer safe to be used 
by the public. The tipping of materials from demolition creates a large proportion of waste. 
Therefore, government and legislative laws are made to make the possibility of an eco-friendly 
environment realistic through the practices of minimizing waste. The facts remain however that 
the combatting of waste by management can only be achieved when a concerted effort is taken 
by the stakeholders to optimize a system that efficiently controls waste generation in 
construction projects. A sustainable waste management system is integral to a sustainable 
construction industry and should be the pursuit of any country to make it practical in order to 
solve the problems generated by waste (Nagapan et al., 2013:99-103). 
2.15.6 External Factors 
 
The effect of weather is an important external factor causing waste generation. Some of the site 
works, such as concreting and excavation works must stop due to heavy rain and storms. These 
severe weather conditions take lots of time and cause delays (Wahab and Lawal, 2011:246- 
254). For construction projects, time plays an important role. Many constructions must 
reschedule their site works due to weather conditions. Weather or climate change is one of the 
factors, which cannot be controlled by human, and it is a natural effect. However, waste due 
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to weather can be avoided with good decision-making, planning and management skills 
(Faniran & Caban, 2007:182-188). 
2.16  CONSTRUCTION AND DEMOLITON WASTE MANAGEMENT METHODS 
 
Construction and demolition waste are a global issue, which need serious attention. One of the 
effective ways to control C&DW is the adoption of sustainable construction principles, as 
sustainable construction does not focus on only environmental issues but also on economic and 
social aspects. Hence, it is important to adopt sustainable waste management to overcome the 
effects of the C&DW on overall sustainable construction (Nagapan et al., 2012:299-309). 
C&DW management is centred on waste minimization and appropriate disposal, which both 
can help to reduce negative environmental impact and save resources. In 2016, specifications 
were given by the European Union for achieving sustainable practices in construction. This can 
be evaluated under the following principles of waste management: waste prevention, recovery, 
re-use and recycling, proper storage, disposal for landfill. 
2.16.1 Waste prevention 
 
Waste prevention, also known as source reduction, is a key factor in any waste management 
strategy. Andreas (2019:323-336) considered waste prevention to be the highest ranked option 
in the European waste hierarchy. According to European waste legislation, waste prevention is 
aimed at minimizing the waste before construction by detailed frame design and material-use 
plans thereby reducing purchasing costs and the amount of material that must be managed for 
recycling. Although, waste prevention and reduction begin during the building materials 
production stage, the improvement of waste generated during the producing process has a 
crucial role in the prevention of waste during subsequent stages of the construction lifespan 
(Nagapan et al., 2012:299-309). When designing a waste prevention initiative, the necessary 
guiding principles should be observed: Sustainability, eco-sufficiency and eco-efficiency of 
material, precautionary principles, cooperation and participation, polluter-pays-principles, 
producer responsibility, life-cycle system thinking and principles of true cost, efficiency and 
minimal costs. 
2.16.2 Waste recovery 
 
Waste recovery is a resource recovery approach which uses waste as an input material to create 
valuable products as new outputs. The aim is to reduce the amount of waste generated, therefore 
reducing the need for landfill space, extracting the maximum value from waste, and reducing 
the environmental effects of unavoidable wastes, through the re-use and recycling strategies. 
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This means that with recovery, the volume of waste ending up in a landfill can be reduced. 
Effective waste management has enabled recovery of 90 per cent of C&D wastes possible 
(Namitha et al., 2017:538-541). 
2.16.3 Re-use and recycling 
 
According to Namitha et al. (2017:538-541), contractors make use of several re-use methods 
in construction. For instance, broken bricks and stones can be used as sub-grade to a grant 
access road network to the construction site, also timber or plywood can be used to build 
temporary sheds on site. Shen et al. (2014:272-281) established that the maximum reusing and 
recycling of construction material has reduce drastically the landfill space. 
2.16.4 Proper waste storage 
 
Proper waste storage involves using storage options in an appropriate way for non-recoverable 
wastes generated at construction sites (Arslan et al., 2012:313-323). Proper storage of this 
waste can make re-use or recycling possible. Equipment used for storage must be constructed 
to meet the standard for proper waste storage. Compliance with waste storage regulations will 
ensure the required operations that must be followed after the storage. The unfortunate scenario 
is that most of the construction contractors especially in developing countries do not make 
proper waste storage a priority in any of their construction projects. 
2.16.5 Waste disposal 
 
Additional wastes that are not recycled or re-used are disposed into landfills. Disposal is 
considered an unfavorable choice. It is the last option or lowest criterion towards achieving 
sustainability in waste management (Namitha et al., 2017:538-541). 
2.17 ADVERSE EFFECTS OF C&D WASTE ON THE ENVIRONMENT 
 
The large volume of waste generated from construction activities worldwide contributes hugely 
to the rapid depletion of natural resources and produces air and water pollution particularly 
during the processing of construction materials. Although, materials that end up as waste have 
the potential to be re-used or recycled, thereby minimizing their impact on the environment 
through less processing. Therefore, effective management of waste has significant impact on 
the sustainability of the environment. Not just for the reduction of the waste but an effective 
waste management system has proven to be economical as well. 
Sivapullaiah et al. (2016:214) found that the construction industry threatens the environment 
in three main ways. First, during the production of raw materials in the process of cement and 
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aggregate production. Second, during the construction process due to high consumption of 
energy; and, in the final stages of the construction process due to demolition and waste disposal 
problems. It is a common practice at the end of the life cycle of a building to demolish it, giving 
possibility for the C&D waste to be without appropriate control”. However, currently, there are 
indeed concerns about C&D waste. This is because if the waste is not properly handled, 
negative impacts occur on the environment. 
2.17.1 Associated health problem 
 
There are several studies on the potential problems resulting from environmental exposure to 
waste and its management activities. Although much research is now focused on the health of 
the general population, particularly those living near a waste disposal or landfill site, 
occupational health problems of the workforce involved in waste management are also very 
important to consider (Fischer & Crowe, 2000:12). Many of the waste produce contains 
substances such as cadmium, arsenic, chromium, nickel, dioxin. which are carcinogenic and 
are likely to cause cancer. 
According to Lesley (2003:183-197), most of these substances can reproduce other toxic 
effects depending on exposure level and duration on the central nervous system, liver, kidneys, 
heart, lungs, skin, reproduction. Air pollution studies have indicated that there may be effects 
on morbidity and mortality in instances where sulphur (IV)oxide is present. According to 
Zmirou et al., (1994:228-238), reproduction effects associated with landfill sites have been 
shown to contain low birth weighting, sometimes less than 2500g. In addition, foetal, and infant 
mortality, spontaneous abortion, and the occurrence of birth defects is as result of human 
settlements near landfill areas. 
2.17.2 Air, water and soil pollution 
 
According to Pervez and Kafeel (2013:16-18), waste minimization practices have both positive 
and negative effects on the environment. It is true; that one of the positive aspects of 
minimization exercise is waste reduction; however, if these wastes are not properly handled, 
there can be tremendous consequences for the environment such as air, water or soil 
contamination in addition to problems in soil textures which is another hazardous effect 
concern for living organisms. In each stage of waste minimization procedures, pollution of the 
environment can occur. For example, during the waste storage process, dust and fumes are 
generated. During collection process, vehicle movement causes noise as well as consumes 
energy. In addition, during transfer and transport of waste, a great deal of noise is generated by 
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the functioning of the machines (Poon et al., 2001:157–172). At the end of the life cycle, these 
wastes are dumped in the oceans, giving rise to water pollution. 
Therefore, attempts to apply the recycling concept might solve this problem by eliminating the 
need for land filling as well as for waste collection. Air pollution sources can be classified as 
follows: point sources, fugitive sources, and mobile sources. According to Poon et al. 
(2004:461-470), uncontrolled landfill gas migration causes problems to human health. The 
build-up of such uncontrolled gases in landfills may trigger explosions; in addition, landfill 
gases can cause asphyxiation. The presence of waste pickers itself on disposal sites might cause 
problems for site operation. Waste pickers themselves endanger safety on site and can cause 
hazards to people working in landfills, which reduces productivity. In addition, incineration 
and open burning lead to water vapor emissions, carbon dioxide, carbon oxide, salt, and metals. 
The incineration process also releases particles with a fine diameter but are hazardous. 
Further combustion of such waste leads to dust generation, fly ash, odour and noise pollution. 
It is evident, that when these micro-particles are inhaled, it leads to cardiovascular and 
respiratory diseases. Wastes that comes in contact with the soil also contaminates and 
sometimes, changes soil texture and color (Yuan, 2011:604-612). 
2.17.3 Effect on construction projects 
 
According to Fischer and Crowe (2000:12), waste from landfills has an adverse impact on the 
environment and public health. Release of methane from the decomposition of biodegradable 
waste under anaerobic conditions is hazardous. Methane causes fires, explosions, and is a large 
contributor to global warming. The increasing impact of poor waste management on human 
health severally documented, with increasing incidences of nose and throat infections, 
breathing difficulties, inflammations, bacterial infections, anaemia, reducing immunity. 
Consequently, C&D waste materials have an adverse effect on construction projects especially 
when the deadline is not achieved. The major adverse effects are time overrun, others might 
include construction cost-run, disputes between workers, arbitration, litigation and even 
projects abandonment (Aibinu and Jagboro, 2002:593-599). This was further indicated with 
other adverse effects identified through a study conducted by Yeheyis et al. (2013:81-91). 
2.18  IMPLEMENTATION OF SUSTAINABLE WASTE MANAGEMENT SYSTEMS 
 
When a waste management system, which is sustainable, is to be designed, the factors that need 
to be considered include the amount or size of waste and composition of waste. This will assist 
managers to allocate the right volume of landfills for each specific waste in consideration. An 
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integrated waste management system is designed to recover as many re-usable materials as 
possible from waste streams which are a vital component of a sustainable ecosystem. The 
system includes a material recovery component where marketable recyclables are removed 
from the waste stream and sold in the secondary market while non-recyclable combustible 
materials such as wood, paper, and cardboard, etc., can be used to create thermal energy for 
stream production, electricity, district heating, and cooling or a combination all. Non- 
recyclable plastics can be converted into low Sulphur liquid fuels (Pharino, 2017:1-13). 
According to Pharino (2017:1-13), in a waste management system, only inert non- combustible 
residual materials are placed into landfills as illustrated in figure-2.10 below. The removal of 
recyclables and use of combustibles as fuel will reduce the amount of material otherwise going 
to landfill by 90 percent or more. Therefore, conversion of combustible waste to energy or liquid 
fuels reduces total greenhouse gas emission as compared to placing these materials in landfill 
where they eventually decompose to produce carbon dioxide, methane, and other greenhouse 
gases”. 
 
Figure 2.9: An integrated waste to energy systems 
Source: Enviropower Renewable Inc. EPR (2019) 
2.18.1 C&D waste management systems-A Croatian Perspective 
 
Historically Croatia has been highly reliant on landfilling as a means of waste disposal, mainly 
for the same reasons as other Eastern Europe countries with low or no landfill fees and a lack 
of other options, but landfill is still viewed as the cheapest waste disposal method. However, 
by 2021, the city’s landfill is planned to close, because of the introduction of a new method of 
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waste management, which is sustainable enough to eliminate the waste generated annually 
from the construction sites (Bojan et al., 2016:241-259). 
The new system is aimed at establishing sustainable waste management and meet the targets 
set up by the European Union directives and applicable standards. This should be based on the 
following procedures, which includes, waste prevention, reduction of the amounts of total 
waste generation, and establishing of product re-use system. Also, improvement of separate 
collection system by increasing the number of the green islands and recycling yards and their 
efficiency. Others is an introduction of separate collection of bio-waste from large producers, 
and construction of anaerobic decomposition units for bio-methane production, construction of 
a sorting unit for separately collected waste fractions, and construction of automated separation 
plant for waste left out of the system of the separate collection (Bojan et al., 2016:241-259). 
The system was proposed with the main waste flows described in Figure-2.11 below. This 
figure also represents the proposed solution for sustainable waste management in major cities 
in Croatia, where the emphasis has been given to the separate waste collection and recycling 
of different waste streams, such as plastic, metal, glass and bio-waste. Recycled materials sent 
for material recovery, and bio-waste would be used for energy utilization”. After all, the 
processes ensure small quantities of waste would be either used for energy recovery or sent to 
landfill”. 
 
Figure 2.10: Framework for municipal waste management in Croatia 
Source: Bojan et al. (2016:241-259) 
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The establishment of this waste re-use system was to reduce landfill space, extend a product’s 
life cycle, and to protect the standard of living, create jobs, and utilise the local resources. In 
addition, with time this system was proven by the European Union as efficient. Therefore, it is 
significant to acknowledge this achievement; and most waste management system of 
developing countries like Nigeria can re-define their systems in accordance with achieving 
sustainability like that of Croatia. 
2.18.2 Quality performance of waste management system 
 
The effective performance in any organization as defined by Kaplan and Norton (1992:71-80) 
and Ghalayini et al. (1997:207-225) cut across cost, quality, efficiency, and how flexible the 
system can be in task execution. However, various authors argue that the quality performance 
is influenced by both internal and external factors (Rust & Oliver, 1995:1-19; Reed, 1996:147- 
158, Soltani et al., 2008:461-479). The dispute was that the internal quality performance is 
related to internal functioning of the system. These internal factors include increase in 
productivity, reduction in cost and waste, improvement in efficiency; and they affect how 
organizations deliver products or services in the most cost effective and high-quality way 
possible (Rust and Oliver, 1995:1-19; Reed, 1996:147-158; Soltani et al., 2008:461-479). 
This denotes the organization’s ability to minimize waste of inputs and maximize resource 
utilization delivers quality products or services (Andreas 2019: 323-336). However, in 
construction projects, a successful waste management system is not only concerned about the 
output of the construction operations that damage the environment but of great essence is the 
input of resources as well as the totality of the system and processes involved in the operations. 
Alvarez et al. (2001:457-471) indicate that proper waste management practices are of much 
value to the firm’s operational performance in that it improves efficiency in service delivery,  
reduce an organization operation cost through efficient operations, reduce time spent on 
offering services, enhance the quality of service and productivity. Therefore, for a firm to 
manage cost effectively, manage its operations efficiently and have flexible undertaking, they 
need to practice the best waste management practices (McCrea et al., 2016:10-12). 
2.19 CHALLENGES IN WASTE MANAGEMENT SYSTEMS IMPLEMENTATION 
 
The significance of a waste management system cannot be overstressed in the construction 
industry. Despite this fact, there are problems encountered in implementing the system due to 
some inevitable factors, even with the encouragement of recycling and re-use of waste materials 
as an alternative to traditional practices of landfilling and incineration (Allmon et al., 
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2000:97-104). In India, the lack of training on waste management, non-availability of waste 
management professionals and lack of accountability in the system practiced are affecting its 
implementation process. Not only that, but a lack of a strategic waste plan, insufficient budget 
to cater for the costs associated with waste minimization and the absence of financial regulatory 
framework contribute to the lack of implementation (Kumar et al., 2017:1-11). 
In addition, limited environmental awareness on the waste management system, adoption of 
green technologies in construction projects and construction workers’ attitudes towards waste 
is creating a massive problem in implementing a sustainable waste management system. The 
implication of a lack of awareness surfaces in various stages of the construction projects. For 
instance, in the design stage; when the designers do not apply the theory of waste minimization 
in the selection of construction materials it is often time which is a common hindrance to waste 
minimization (Cheng & Ma, 2013:1539-1551). 
Kim et al. (2006:263-268) concludes that the government has a responsibility to ensure that a 
sustainable waste management system is implemented in construction projects, but inadequate 
codes of practice and failures of the government to impose a rule on waste management are 
viewed as one of the major difficulties in waste minimization processes. In addition, Fischer 
(2011:2-9) resolves that to deliver a sustainable waste management system in the construction 
industry, there are certain challenges to combats. For instance, the burden placed on a municipal 
budget because of solving problems created by waste generation can lead to problems that are 
more complex if the challenges are not battled. Some of these challenges include complexity 
in waste management, the involvement of multiple stakeholders, difficulties in recovery cost, 
lack of required skill to manage waste. 
2.20 LESSONS LEARNT 
 
The review of the literature in this chapter indicates that waste can be classified as follows: 
according to the kind, form or physical state, source of generation, origin and type, physio- 
chemical properties, the effect on human health and the environment. Waste is further grouped 
according to source or premises of generation, the physical state of waste, level of risk, and 
material composition of waste. In addition, the waste management hierarchy is viewed from 
Ravi’s point of view which arranged the waste management from the least favoured option like 
disposal, energy recovery to the most favoured options like recycling, re-use, waste 
minimization, and prevention methods. The strategies of waste management range from waste 
reduction, recycling and material recovery to aerobic compositing and anaerobic digestion, 
incineration, and landfills. But it assumed that the majority of waste management strategies are 
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shifting the focus from landfills as this consumes large land mass and causes pollution which 
is hazardous to human health. 
Various construction firms are advised to implement waste management practices on site. 
However, the specifications of the European Union can be evaluated under three principles of 
waste management: waste prevention, recovery and proper storage. Furthermore, this chapter 
has examined construction and demolition waste firstly by describing the concept, classifying 
the C&DW based on physical nature, adverse effects and regulation. In addition, global 
estimation of construction and demolition waste were highlighted and factors influencing the 
generation of construction and demolition waste identified as follows: frequent design change, 
wrong material storage, effect of weather, poor management planning, ordering errors in 
procurement aspects, worker’s mistakes, and leftover materials on site. Although, in developed 
countries, the rate of urbanization influences the amount of construction and demolition 
generated annually. 
However, in developing countries of the world, the major causes of waste generation on 
construction sites were almost entirely associated with the lack of knowledge through 
awareness and misperceptions about the concept of waste and value of construction materials. 
Integrated waste management systems are designed to recover as many re-usable materials as 
possible from waste streams, which are a vital component of a sustainable ecosystem. The 
system includes a material recovery component where marketable recyclables are removed 
from the waste stream and sold in the secondary market. In integrated waste management 
systems, only inert non-combustible residual materials are placed into landfills. Removal of 
recyclables and use of combustibles as fuel can reduce the amount of material otherwise going 
to landfill by 90 per cent or more. 
The impacts of construction wastes were ranked thus: extension of time on the project, wastage 
and under-utilization of manpower resources, idling resources, claims on the disturbance of 
regular progress work by the main contractor and loss of confidence in the contract. These 
impacts threaten the integrity of contractors to execute construction projects. Concerning future 
tendering chances; late returns of income for private developers; reduction in employment 
opportunities; dispute between the parties involved; a decrease in the tempo of economic 
activities in the nation; additional insurance charges; extra taxes and dues due to delay; 
insolvency of the contractor; inability to meet the minimum living standard; arbitration and 
litigation; and total abandonment of projects. From this literature, it can be concluded that good 
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waste management depends not only on output of construction works but also on the input of 
resources, the totality of the system and quality processes involved in the operations. 
These inputs indicate that proper waste management practices are of much value to the firm’s 
operational performance, and it further enhances the quality-of-service delivery, reduces an 
organization’s operation costs through efficient operations, reduced time spent on offering 
services, enhancing the quality of service and productivity. 
2.21 CHAPTER CONCLUSION 
 
The literature reviewed from published books, journals, dissertations and articles on 
construction and demolition waste management reveals a concrete knowledge on the global 
challenge of construction and demolition wastes. In addition, how generating these waste 
products had caused an adverse effect on the sustainability of the environment has been 
reviewed. Problems encountered by the various processes of implementation of a waste 
management system have been identified. In addition, the current, proactive and mostly 
adopted methods as confirmed by experts on how the construction and demolition waste 
management system is utilized have been shown through a proposed waste management system 
form the Croatian perspective. 
The next chapter reviews literature relating to the construction and demolition waste 




CONSTRUCTION AND DEMOLITION WASTE MANAGEMENT SYSTEMS: 
MALAYSIA AND CHINA CASE STUDIES 
3.1 INTRODUCTION 
 
This chapter focuses on a literature survey of demolition and construction waste management 
systems in Malaysia and China. It also outlines critical research on the mode of material re- 
use, recycling of waste, and the enhancement of performance of the C&D waste management 
process. Nigeria, which, like these two countries is densely populated, will need to improve the 
ways in which it faces the challenge of C&D waste management ensuring a sustainable system 
in its construction industry. 
3.2 THE MALAYSIAN C&D WASTE MANAGEMENT SYSTEMS 
 
3.2.1 Malaysian construction industry 
 
In Malaysia, the construction industry has shown steady economic growth, and the spin-off of 
this is that construction activities are increasing. The impressive growth of the construction 
sector of the country somehow may not have been possible without appropriating sustainable 
strategies and policies in the construction industry (Khalid et al., 2011:1737-1744). The 
Malaysian construction industry is seen as a late adopter of positive technologies. In 2003, 
Roadmap was initiated by the Malaysia Construction Industry Development Board (MCIDB), 
this has fostered a slow transition from the conventional method to a more advanced non- 
conventional method of Industrial Building System. Studies reveal that this sector has been 
contributing to an average 4.09 per cent of GDP with a minimum of 3 per cent and a maximum 
of 5.7 per cent of the national economy. 
Over the last two decades the average growth of the sector was 4.74 per cent with a maximum 
of 21 per cent (Nagapan et al., 2012:229-309). The construction industry significantly 
contributes 10 per cent to the economic GDP and employs 9.3 per cent of the workforce. 
3.2.2 Waste generation in Malaysian’s construction industry 
 
Waste generation is an important issue that cannot be separated from the field of construction. 
The C&DW is becoming an urgent matter in Malaysia. Due to rapid development in the 
construction industry, there is a lot of waste generated in the country. An increase in the 
standard of living, population growth and urbanization all have caused a rapid increment of the 
waste generation (Begum et al., 2010:383-388). Waste keeps increasing because of the need 
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for housing projects. In addition, an increase in the development of construction in Malaysia is 
because of numbers of need for an increase in infrastructure. However, one of the prime 
producers of waste is found as illegal dumping. Nagapan et al. (2012:229-309) reveal that 42 
per cent of 46 illegal dumping sites are composed of construction and demolition waste. 
However, the common solution for contractors dealing with waste in Malaysia is illegal 
dumping. This has created a problem for the construction industry because majority of the 
landfills are over-burdened (Nagapan et al., 2012:22-28). Though activities of illegal dumping 
of waste from construction projects is discouraged (Shen et al., 2007:2466-2486; Rahim & 
Kasim, 2017:1-7), but most of the waste generated in Malaysia ends up in landfills. 
Environmental and social problems are caused by landfills. This is because of improper 
handling of waste. The construction and demolition waste generation in Malaysia has no 
regulatory policies. 
3.2.3 Estimate of waste production in Malaysia 
 
Increase in the standard of living, increase in population and a high request for amenities has 
led to the growth of the construction sector (Nagapan et al., 2012:22-28). Most developers and 
contractors are not helping matters, despite all the policies and regulatory bodies put in place 
by the Malaysian government. In Malaysia, C&DW contributes to an increase in the use of 
energy, increased greenhouse gas emissions which present a danger to human health. The 
economic incentives of waste practices are landfill dumping practices, illegal dumping, and 
open burning. Begum et al. (2007:1902-1909) indicate that the major impediments to the 
separation and recycling of waste is a lack of knowledge, and waste recovery awareness. 
3.3 FACTORS INFLUENCING WASTE GENERATION IN MALAYSIA 
 
According to Begum (2010:383-388), it is specified that an important factor in Malaysia’s 
situation is the increase in the construction quantity waste manufactured. Due to the significant 
progressive construction activities in Malaysia, a massive amount of construction waste has 
been created. About 30 tons of construction waste has been carried to some of the major areas, 
causing improper construction and health hazards in Malaysia. The Government initiated an 
agency named the Construction Industry Development Board (CIDB. The CIDB aimed to make 
the industry environmentally and began in 2007. According to Begum et al. (2009:321-328), a 
significant role in calculating waste is at the objects control or material management stage. 
Construction materials should be managed from the time of the start and finalization of the 
project. However, due to weather conditions, proper storage for construction materials should 
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be provided to avoid damage. In addition, materials should not be overstocked because they 
may expire after a short period. According to Poon et al. (2004:675–689), goods such as 
ceramics, tiles, and plastering materials are damaged because of improper use and handling. 
Shen et al. (2002:39-48) clarify that at the design stage or when design changes, where there is 
variability in the level of design details, most of those construction waste sources occur. 
Furthermore, construction waste can be classified into six groups according to some of the 
sources. These include material procurement, residual, design, operations, material handling, 
and others (Craven et al., 1994:89-98; Arslan et al., 2012:313-332; Nagapan et al., 2012:22- 
28). These six groups are generally accepted as the factors causing serious effects on 
construction waste generation in Malaysia. 
3.4 THE CHALLENGE IN MANAGING C&D WASTE IN MALAYSIA 
 
To secure sustainability, the Malaysian construction needs to develop a working C&DW 
management. In order to do this, it is important to know the problems facing the industry so as 
to secure a better waste management system. Necessary measures have been taken to determine 
the issues and challenges encountered by the C&DW management approaches in Malaysia. 
Research has shown that, the country’s growth in infrastructure development is due to waste 
increase, increasing population in urban areas and a high demand for housing (Nagapan et al., 
2011:101-104). These have resulted in the development of relevant bodies to curb waste in 
securing the environment. The Malaysian construction industry has limits set for in waste 
minimization, recycling and re-use practices. Scrinivasan et al. (2012:55-70) describe waste 
reduction as the consumption of virgin materials, energy and minimizes the disposal of residues 
in landfills; while reduction of source is defined as any action that reduces waste generation at 
the source within a process. 
As already indicated, the C&DW if not properly managed, would cause significant 
environmental impacts. For example, the construction materials will generate carbon dioxide 
and other gas emissions from construction materials that significantly pollute the environment 
(Mahayuddin et al., 2008:481-489). Also, the issue of illegal dumping is common in Malaysia, 
as revealed in a study conducted by Nagapan and Asmi (2012:1-12), where increasing amounts 
of waste and inadequate landfills available for use have contributed largely to illegal dumping 
activities, which has become routine due to irresponsible decisions made by the construction 
actors. 
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Therefore, skills development for better management is needed to implement C&D waste 
management in Malaysia effectively. Many involved in the construction industry lack 
communication skills and this has led to confusion as to who should be responsible for 
managing waste. Kambiz et al. (2017:21-31), identified challenges of sustainable C&D waste 
management. These challenges include deficient legislatives, poor administration, inadequate 
cataloguing of waste, lack of contingency plans in waste management, poor awareness 
regarding the requirements of managing C&D waste, disconnection between policies and 
practices, insufficient recycling markets, and inadequate funding. 
3.4.1 Inadequate explicit legislative regulations for managing of C&D waste 
 
Regulations are required for construction industry practitioners to follow and apply in waste 
management. However, it is a challenge to generate a holistic waste management system 
integrated, cost effective, sustainable, and acceptable with emphasis on environmental 
conservation and good technological selection without the impact of the government. Lack of 
explicit management regulations for C&D waste is mostly found in India, Cyprus, Czech 
Republic, and Malaysia. Legislation has become less effective to control how constructed 
buildings are demolished (Du Plessis, 2007:67-76). According to Formoso et al. (2002:316- 
325), the quality of construction is compromised when operators do not supervise the project  
well, and low-quality materials are used. These could produce materials, which are non- 
recyclable after the construction has been demolished. 
The absence of suitable enforcement creates a situation where illegal dumping into 
unauthorized landfills occurs. In 2013, as indicated by United Nations Environment 
Programme, legislative procedures had been effective in reducing the C&DW generated in 
construction. Some of these procedures consisted of practices such as taxation or enforcing a 
fee collection such as in Denmark and Austria; banning landfilling, and laws that require the 
separation of the waste. In 2007, Malaysia was poised to completely revamp the disposal of 
solid waste due to legislation being carried out through the solid waste bills enforcement law, 
and it was anticipated that this would involve provisions for C&D waste management. 
3.4.2 Insufficient classification of C&D waste 
 
Demolition waste from constructions is often poorly classified, especially in developing 
countries that have no direct laws to guide the generation, management, and disposal of C&DW 
(Kambiz et al., 2017:21-31). Most of these countries group C&DW municipal solid waste. 
According to Kambiz et al. (2017:21-31), various chemical and physical variations exist in 
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comparing municipal solid waste (MSW) and C&DW. The variations cause a large gap in the 
finance-related commitments for sustainable management. A breakdown occurs in the removal 
or disposal of C&DW facilities when these differences are not acknowledged. 
3.4.3 Inadequate funding 
 
As waste minimization is more costly several industry practitioners are reluctant to apply the 
waste management systems. Similarly, most practitioners in the industry are not satisfied with 
involving the activities that ensures the minimization of waste in their projects as the costs 
would be higher (Mills et al., 1999:35-43). Chen et al. (2002:521-533), suggest that a reward 
and penalize approach in relation to the handling of waste materials on-site can be utilized to 
successfully encourage practitioners to reduce on-site waste. Osmani et al. (2008:1147-1158) 
support this as they found that financial rewards are regarded as a major incentive, which could 
motivate waste reduction in the design stage. 
3.4.4 Concerns about raw materials from C&D waste 
 
According to Agamuthu (2008:491-492) C&DW disposal into landfills is a waste of finite 
natural resources. This is a common waste disposal practices in developing countries. For 
instance, 40 percent of the natural resources available in the USA have been used in 
construction processes. “Waste materials from the construction sector, when correctly 
produced through de-construction rather than demolition could act as a wealthy urban mine. 
However, the deconstruction takes a long time and it is not sustainable economically; thus, 
successful effective C&DW mining can only be reached with a compromise between cost and 
earned income using the raw materials” (Kambiz et al., 2017:21-31). 
3.4.5 Poor awareness of C&D waste management requirements 
 
Although there are several policies established in Malaysia. However, most of the industry’s 
practitioners do not realize the importance in implementing waste management hierarchy that  
gives the priority to waste reduction through 4R (recover, reduce, re-use and recycle), also 
waste treatment and final disposal as the case might seems. According to Abidin (2010:421- 
426), lack of awareness and knowledge related to the issues, results in the comparatively slow 
transformation towards sustainability in the construction sector in Malaysia. It is critical to all 
stakeholders in the construction sector including the developers, contractors, consultants, and 
clients are aware of the significance of achieving construction and demolition waste 
management that is sustainable. 
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According to Chan et al. (2014:1209-1213), insufficient current knowledge amongst 
contractors has resulted in another barrier to reaching sustainable construction and demolition 
waste management. This lack of knowledge results in a failure to arrive at a consensus by the 
younger generation and the experienced developers. Up until a decade ago, environment related 
issues were not considered critical and thus not prioritized in education. The seasoned 
contractors’ experiences are essential and valuable in the industry, even though they may not 
have new knowledge about sustainable practices. However, the younger generation who are 
educated and have an understanding of sustainable C&D waste experience obstacles in putting 
this theoretical understanding into practice. Thus, developers are likely to ignore the ideas 
proposed by the younger generation on C&D waste management. (Abidin & Jaapar, 2008:1- 
9). 
3.4.6 Disconnection between policies and practices 
 
Papargyropoulous et al. (2011:1-10) found that the existing protocols will not ensure the proper 
implementation of C&DW management policies. The differences between policies made and 
practices employed are because of factors such as poor implementation, lack of enforcement, 
doubts in the excessive tasks and obligations within the monitoring authority and the confined 
stakeholders’ coordination. However, the Malaysian government knows that waste 
management is essential for the achievement of sustainable development in its construction 
industry, and necessary adjustment is needed to ensure sustainable policies are in place to aid 
in minimizing C&D waste on site. 
3.4.7 Insufficient contingency management of C&D waste 
 
Agamuthu (2008:491-492) indicates that concern is with the insufficient contingency 
management of C&D waste. For the management of waste to be sustainable, it should include 
the provision of large-scaled emergency conditions. Even though construction and demolition 
waste are a part of the current waste management approach, it becomes challenging following 
an occurrence of a large-scaled destructive situation, whereby lifesaving processes should be 
mounted immediately. In an ideal situation, the rescue and debris clean up should start together 
since the two processes are complementary. The spreading of diseases related to negative 
measures could be prevented and returns to standard. In addition, contingency management of 
C&D waste can also be planned strategically to meet pertinent long-term waste management 
concerns or concerns during normal routines by obtaining investments for the operations, 
effective waste collection/disposals, re-development of infrastructure in domestic waste 
management, local capacity building, and spreading awareness. 
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3.4.8 Inadequate recycling markets 
 
A significant aspect of construction and demolition is a sustainable waste recycling market 
ready to receive the recycled products. Peng et al. (2018:49-58) indicate that for the recycling 
marketing to be efficient, it should be located in areas that motivates competitive pricing. 
However, improper market development shows that substantial amounts of money and time 
are needed to establish relationships, check the price changes, and become an adequate 
materials supplier that allows a continuous flow of construction materials. Therefore, 
inadequate waste recycling markets will largely limit the successful execution of waste 
recycling as a great waste management system. 
3.5 C&D WASTE MANAGEMENT STRATEGIES IN MALAYSIA 
 
The continuing global development and increasing consumption in recent years have resulted 
in the increasing C&D waste volume produced by the public. It has been accepted that measures 
are needed to control the volume of C&D waste produced and the way C&D waste are disposed. 
According to Begum et al. (2007:190-202), the common principles used in the reduction of 
C&D waste are recover, reduce, re-use, and recycle (4R’s Principles). The principles are 
adopted from the well-known waste minimization hierarchy to ensure that waste should be 
managed effectively (Peng et al., 1997:49-58). Based on the hierarchy, it is important to manage 
the waste in a circular way, which means that the waste minimization should start at the 
planning stage. Udawatta et al. (2015:73-83) stress the importance of avoiding the disposal of 
C&D waste into landfills. They argue that an early planning of selecting the most suitable 
materials would help in promoting the recycling mechanism. 
The idea of turning waste into wealth needs to be implemented during the initial planning stage 
of the construction. However, to ensure a more effective minimization of C&D waste especially 
thinking about mitigating the impact on the environment, the integration of re-imagine and re- 
design elements is of utmost importance (Lachimpadi et al., 2012:96-103). In most developing 
countries, awareness is focused on developing a proper management of C&D wastes due to 
rapid infrastructure developments and urbanization. However, less attention is given to 
managing the C&D waste generation throughout the construction life cycle in those countries. 
Yuan (2013:101-112), states that emphasis should be given to managing the generation of 
C&DW and to regulate it at the early phase of construction life cycle. In addition, the 
implementation of a life cycle waste management plan is seen as a vital tool in sustainable 
design strategies that ensure waste minimization in construction. 
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3.5.1 Site waste management plan in Malaysia 
 
The Malaysian Department of Environment Food and Rural Affairs-DEFRA in 2017, 
emphasized that site waste management plans provide a framework, which can help contractors 
or project managers to forecast and record the amount and type of construction waste that is 
likely to be produced in a project. They also assist in setting up appropriate management actions 
that reduce the amount of waste that will be sent to landfill. A waste management plan aims to 
improve material’s resource efficiency by implementing re-use, recovery, and recycling as well 
as to minimize issues as illegal dumping by properly documenting waste removal processes. 
This plan requires cooperation between all parties and involves activities throughout the 
duration of the project up to its completion to ensure its effectiveness and efficiency. 
The Real Estate and Housing Property Developer’s Association Malaysia in 2018, 
incorporated this framework to encourage the adoption of a form of site waste management 
plan to guide the process from the design to the decommission of the development. Typically,  
a Site Waste Management Plan (SWMP) will require the project manager to provide basic 
information about the type, scale and value of the project, identify the responsible persons 
involved in the stages of the project such as principal contractor, engineer, client, designer, 
person responsible for waste management on site etc., a proposed timescale and programme of 
works. The Key Performance Indicators (KPIs) for waste minimization, recycling, materials 
recovery, or waste generation per are unit, or other relevant targets will be agreed during this 
initial stage. At the design stage, the most relevant action is to design-out waste through 
effective waste forecasting and detailing. However, the pre-construction, construction and post 
construction encourages the implementation of the SWMP as shown in table 3.1 below. 
Table 3.1: Malaysia Water Resources Action Plan (WRAP) Site Waste Management 
Plan 
 
PROJECT STAGE SWMP ACTIONS 
Project Iniation Enter Project details 
Concept Design Record waste reduction actions 
Detail Design 1. Forecast waste 
2. Record waste reduction actions 
Pre-Construction Specify waste carriers 
Plan waste destinations 
Record waste management and recovery actions 
Construction Enter actual waste arising, reduction, recovery and management activities. 
Carry out training, monitoring and recording. 
Post Construction Compare actual against forecast waste management activities 
Assess performance based on KPIs. 
Suggest improvement for next project 
Source: DEFRA (2017) 
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3.5.2 Waste management hierarchy 
 
Waste from construction and demolition activities should not directly be disposed of. However, 
it needs to pass through processes before being disposed. It should be treated according to 
proper waste management hierarchy as proposed by Peng et al. (1997:49-58). The waste 
management hierarchy suggests that waste should be reduced, re-used, and recycled before 
being disposed of in a proper destination like a landfill. According to Osmani et al. (2008: 
1147-1158), the terms ‘avoids’, ‘minimizes’ and ‘reduces’ seems similar in actions. However, 
what is most important is to prevent the generation of the waste in the first place. Since waste 
generation is not avoidable, the next step to be considered is to re-use some of the waste like 
broken bricks and concrete as a sub-grade of access road to the construction site. For waste that 
cannot be used at the site, it can be sorted for recycling purposes. 
This effort is used to reduce the disposal amount of C&D waste, thus extending the life span 
of the landfill. Following the steps in the waste management hierarchy, was found to beneficial 
to the environment and economical fora country (Tchobanoglous and Kreith, 2002:1-25). 
Unfortunately, most of the contractors do not like this good practice of hierarchical waste 
management steps because they argue that the waste materials have little premium value and 
this causes them to dispose of waste in landfills (Poon et al., 2004:675–689). 
3.5.3 C&D waste management policy 
 
According to Papargyropoulous et al. (2011:1-10), since this waste constitutes a large portion 
of municipal waste, it is appropriate to have a better policy in dealing with the construction and 
demolition waste in order to have a pollution free environment. In response, the Malaysian 
government has developed an agency namely, the Construction Industry Development Board 
(CIDB) to transform the industry by improving its environmental performance. In 2008, the 
Malaysian CIDB produce a Construction Industry Master Plan to enhance the awareness of 
sustainability amongst construction’s key players. All policies and acts by the government 
bodies show that there is a desire to handle construction waste in a proper way. However, not 
all the policies implemented are followed by construction practitioners and a more holistic 
policy is needed to ensure economic, social, and environment aspects can be protected. 
3.6 CHINESE CONSTRUCTION INDUSTRY 
 
The construction industry has contributed considerably to China’s development and 
urbanization process and most dramatic changes in industrialization have been in the 
construction industry. As a matter of fact, according to Zeng et al. (2003:353-361), it would be 
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no exaggeration to say that the Chinese construction industry has experienced a revolutionary 
change since 1996. The China Labour Bulletin report in 2019 showed that in 1996, there were 
9,109 state-owned construction companies in China, comprising 81 percent of all construction 
industry. By 2017, the number had dropped to just 2,187, accounting for only 2.5 per cent of 
the total number of construction companies. Rapid economic growth, combined with the 
privatization of the construction industry led to a steady rise in the number of workers 
employed in highly efficient construction teams, which have transformed China over four 
decades. 
The Chinese built high-rise towers that dominate the new urban landscape, the high-speed rail 
system, and a vast network of roads, bridges and tunnels that now link cities, town, and villages, 
even in the remotest parts. The effort of the Chinese construction workers has revolutionized 
daily life in China right from housing, communications, travel and new patterns of consumption 
has been based on the hard work and endeavor of construction workers and this is reflected in 
an increase in their wages annually (Yuan, 2013:101-112). While wages increase, the industry 
had accrued massive profit. Although according to the Chinese statistical yearbook, the gross 
output of the construction industry in China has increased rapidly from USD 
$0.22trillion to $0.90 trillion dollars, up to 1160 percent increase, notwithstanding, the 
construction industry is still a traditional industry plagued with low efficiency, high pollution, 
large capital requirements, and unreasonable structure, hindering its development (Zeng et al.,  
2013:36-44). 
But, over the last decades due to the huge amount of waste generated in the Chinese 
construction industry, decisive steps have been taken to minimize the waste and its adverse 
effects on the urban cities dwellers and the environment. 
3.7 C&D WASTE MANAGEMENT STRATEGIES IN CHINA 
 
The practices involved in the demolition of C&DW are supposed to be guided by “reduce, re-
use, recover and recycle” which are the 4R principle for demolition of waste risk management 
(Peng et al., 2011:49-58). However, the Chinese construction industry has not embraced this 
principle, with C&DW close to 40 per cent of municipal waste. Other developed countries like 
the United States, Denmark, South Korea, Singapore, Japan and Germany have recycling and 
re-use rates of up to 70-95 per cent (Xiao et al., 2015:6-8). Although the problem of low 
recycling and re-use rate has been attracting much attention form researchers in China since the 
early 1990s, waste management in the construction sector has not improved substantially (Jin 
and Li, 2017:36-37). 
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Now, around 75 per cent of Chinese cities are facing what is known as construction and 
demolition waste surrounding (Jiao and Sun, 2013:103-106). Moreover, considering that the 
waste has led to considerable environmental burdens and threats, reasonable treatment of the 
waste is urgently needed. Although C&DW recycling was proposed by Gluzhge in 1946, still 
the positive contribution of recycling C&DW is distinct when it is compared with traditional 
treatment methods. According to Ortiz et al. (2010:646-654) and Mohammed (2014:41-49), 
comparing three different scenarios which are recycling, incineration and land filling, it was 
found that in terms of global warming potential, the most environmentally friendly way of 
treating construction and demolition waste is recycling, followed by incineration and last is 
land filling. 
Wu et al. (2016:57-60) analyzed the eco-efficiency of the scenarios of C&DW treatment- 
landfills, recycling using private or state-owned facilities and suggested that government 
should put more emphasis on state-owned recycling centres because of its highest eco- 
efficiency. However, some researchers explored the status and shortcomings in managing 
C&DW treatment in China. According to Katherine (2017:15-20), a survey on the awareness 
of circular economy concept in China’s construction industry indicated that while there is 
industry wide awareness of the waste management concept, clients, designers and sub-
contractors are the least informed and this is a key challenge for greater adoption. Yuan et al. 
(2010:224-242) claim that the major obstacles to C&DW management in China are the lack of 
a well- developed waste recycling market, insufficient regulatory support and the predominant 
trend whereby building designs do not pay enough attention to waste reduction. 
After evaluating the economic feasibility for the recycling of C&DW in Chongqing, it was 
discovered that operating waste recycling centers may face investment risks because of the high 
cost involved (Zhao et al., 2010:377-389). However, another group of researchers attempted to 
give suggestions for enhancing construction and demolition waste re-use and recycling. Duan 
and Li (2016:397-398) suggested that more attention should be put on improving the 
management of concrete, masonry either bricks concrete or stone blocks, mortar and ceramics 
wastes, because these four types of C&DW account for about 90 percent of the C&D waste in 
China and have the largest potential for recycling. Also, Wang and Cao (2016:24-27) indicated 
that C&DW recycling is limited at certain materials such as concrete brick in area such as 
Handan in China. 
But to improve the comprehensive re-use and recycling of construction and demolition waste, 
network information technologies should be applied to monitor the construction and demolition 
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waste production and treatment processes. In a study by Jin and Li (2017:86-98), there is 
urgency to promote C&DW reduction and recycling. Since the current situation of waste 
treatment is not satisfactory due to shortcomings in the policies and management methods 
employed. 
3.8 EXISTING C&D WASTE MANAGEMENT POLICIES IN CHINA 
 
The most recent management policy related to C&D waste in China was issued in May 1995, 
and this is called “city appearance and environmental sanitation management regulations”. It  
defines the management actions for urban construction site materials and equipment. Following 
that, several related policies were issued by the Ministry of Housing and Urban-Rural 
Development and other governing bodies. In addition, there are also other policies supporting 
C&DW management. For example, the National Development and Reform Commission also 
provide financial support for construction and demolition waste recycling projects. Also, 
according to the NDRC in 2015, demonstration projects in the eastern, central and western 
parts of China can obtain subsidies equal to 8-12 per cent of their project investment 
respectively from the commission”. 
In addition, the provincial administrative regions in China have implemented a series of 
policies and regulations to manage construction and demolition waste production, 
transportation, and disposal (Zuo, 2015:2-5). 




Amidst all 4R strategies for C&DW, the one, which performs optimally, is “reduce”. This is 
because it has the lowest negative effect on the environment. It is therefore regarded as the 
priority when developing C&D waste management plans. However, according to Beijai et al., 
(2018:23-25), the conditions for waste reduction are not well developed in China, mainly owing 
to the following reasons: 
3.9.1.1 Lack of design standards for waste reduction 
Beijai et al. (2018:23-25) indicate that existing C&DW policies and regulations in China are 
targeted at treatment rather than reducing the waste. This implies there are few regulations 
requiring them to consider construction and demolition waste reduction during the architectural 
design stage. Only in 2014, the Chinese Green Building Certification Standard makes it  
compulsory for every ground foundation, structural system, and structural elements to be 
optimally designed in order to save building materials. Also, Xiao et al. (2015:9-14) claim that 
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it is crucial to combine the C&DW reduction idea in the planning stage for enhancing resource 
efficiency. According to Cheng and Ma (2013:1539-1541) building information modelling 
(BIM) is popular in China, and it is acknowledged to be beneficial in reducing C&D waste 
through simulation of building modules and the construction process (Liu et al., 2015:1435-
1445). 
In 2016, precast construction accounted for only 2-3 per cent of the market, but this share was 
expected to increase. Even though precast construction has the potential to reduce construction 
waste, there is a lack of industrial standards for the quality of concrete prefabricated assembly 
and the use of BIM in the precast construction market. This points to the challenges faced by 
waste sectors in eliminating waste in the Chinese construction industry (Beijai et al., 2018:23- 
25). 
3.9.1.2 Low-cost for C&D waste disposal 
In 2014, according to the Chinese statistics yearbook, the landfill discharge fee of C&DW was 
very low; the low treatment fee of waste made it difficult to encourage construction companies 
to reduce the waste generation. Therefore, most construction companies indirectly, at the time 
were encouraged to make use of landfills since the fees were relatively low rather than recycling 
or reusing the waste. High C&DW disposal cost can cause illegal dumping. Therefore, to 
encourage waste reduction, strict supervision and punishment was concurrently enforced. 
3.9.1.3 Inappropriate urban planning 
According to Su (2012:18-24), the demolition of buildings produces large amounts of C&DW, 
and the demolition rate is considerably high in China, this has reached 40 percent of the total 
construction area per year since 2006 (Chen, 2012: 521-533). There are many short-lived 
buildings in China, and some of these demolished buildings have not even been occupied at  
all. The average life span of building is 35 years in China., while the average life spans of 
buildings are much longer in other countries such as the UK at 132 years, and the USA at 74 
years. The reason for the huge difference is the shortsighted urban planning process. Owing to 
the general lack of rational urban planning, municipal constructions are often built repeatedly, 
resulting in much C&DW (Jin & Zhao, 2008:36-37). In many large and medium-sized cities, 
their urban structure is basic and difficult to make large-scale adjustments. However, the existing 
infrastructure cannot meet the growing demands due to the irrational urban design in many 
cases. For example, frequent changes to urban functional areas and pipeline network led to large 
numbers of housing and road surface reconstruction. 
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It is widely agreed that accelerated urbanization and large-scale transformations of old cities 
are two of the main reasons for the existence of such short-lived buildings (Fu, 2015:169). 
However, the improper urban planning has increased the difficulties of managing waste 
generated in some urban cities. More difficulties are seen where the road network is not easily 
accessible to transport waste to landfill sites. However, efforts are made by the local 
municipality governments to ensure that waste sorting, segregation and other waste 
management activities are undertaken on the construction sites. In addition, awareness of 




Reusing C&DW is the action or practice of using applicable building materials again, whether 
for its original purpose (conventional re-use) or to fulfil a different function, which involves 
creative re-use or repurposing. 
3.9.2.1 Lack of guidance for effective C&D waste collection and sorting 
 
The improper separation and sorting at source of C&DW eventually leads to a relatively lower 
efficiency of reusing and recycling of the waste. Unlike municipal solid wastes, C&DW needs 
special treatment methods to be properly separated or sorted. For example, reinforcing bars are 
usually covered with cement, and so, without separating the cement from bars, both are difficult 
to be re-used (Li & Duan, 2006:34-38). Also, Beigia et al. (2018:23-25) indicated that usually 
only scrap steel, doors and windows, bricks are collected onsite, whereas most of the C&DW 
generated are directly transported to designated disposal sites. Furthermore, there are no proper 
guidelines on how to classify the waste, thus limited the re-use potential of these waste. Also, 
there are operators from the informal sectors who collect high-value waste privately and often 
without permission. Without professional guidance, their collection can destroy some high- 
quality materials such as doors and windows, bricks, waste steel bar and metal blocks, thus 
reducing the re-use efficiency of C&DW (Ying et al., 2013:270). 
3.9.2.2 Lack of knowledge and standards for re-used C&D waste 
 
Since there is a lack of standards imposed on re-used C&DW materials, consumers usually 
doubt the quality of re-used waste. In addition, because the quality of the waste cannot be 
guaranteed, the construction companies seldom apply re-used C&DW. In addition, materials 
made from re-used C&DW are often not in adequate supply (Zhou, 2005:14-17). However, the 
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Recycling of C&DW requires the breaking down of used items to make new materials and 
objects. For recycling operation to be effective in China, there are key barriers to C&DW 
recycling to be tackled (Chun-li et al., 2010:49-58). These barriers limit the effective 
implementation of the waste management system. Meanwhile, recycling and utilization of 
secondary material is gaining attention in China. Despite investors having shifted to the 
purchase of recycled materials, the secondary material market still experiences low demand. 
3.9.3.1 Ineffective management systems 
According to Beigia et al. (2018:23-25), policies related to C&DW management in various 
departments and governing bodies in China help to implement waste treatment. The Provision 
on the Administration of Urban Construction Garbage issued by the Ministry of construction 
in 2005 defines that Municipal Afforestation and City Appearance and Environmental 
Sanitation Administration oversee the C&DW management at the cities level. The 
transportation commission is responsible for transporting waste while environmental 
monitoring of waste disposal site is under the supervision of Municipal Environmental 
Protection Bureau. The Urban Administration Bureau carries out inspections and give 
punishment to illegal C&DW disposal actions. 
However, communication and cooperation between these departments is insufficient, and since 
communication is an important ingredient in C&DW management, information sharing 
systems between these departments on the quantities of waste generated, collected and treated 
is a prerequisite. Therefore, negligence to ensure good communication networks is partly the 
cause of the current widespread improper disposal of large quantities of C&DW. There is also 
the need to create awareness of recycling among the construction stakeholders both the 
contractors and client to make provision in the procurement document that will boost waste 
recycling. 
3.9.3.2 Immature recycling technology 
 
According to the China Architecture Design and Research Group in 2015, C&DW recycling in 
China is still in its infancy. C&DW recycling in countries such as Japan, Germany and 
Singapore involved the application of mature waste recycling technologies, including concrete 
and cement separation, concrete aggregate recycling and even carbonization of C&DW. 
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Specifically, the USA has the technological capability to produce recycled concrete that meets 
a wide variety of strength requirements (Zhang et al., 2015:182-195). In Contrast, only low and 
medium strength concrete can be produced for road surface and shock-absorbing cushion layer 
in China. Large amounts of valuable wastes, such as light fixtures, precious metals, plastic, 
glass and wooden products are recycled like normal waste, and so their full potential to be 
recycled into value-added products has not been realized (Li & Li, 2019:41-45). 
3.9.3.3 Under-developed market for recycled C&D waste products 
 
Efforts to popularize C&DW recycling are facing numerous barriers in China. First, there are 
no quality standard for recycled products in China. Consumers thus maybe hesitant to buy 
recycled waste materials, since they cannot obtain enough information about the products 
concerned (Hu & Xiao, 2011:221-228). In addition, many of the construction companies 
believe that recycled building materials do not have a price advantage over original materials 
due to the currently high cost of recycling treatment. Thus, the market for recycled waste 
products has plenty of room for growth in China. 
3.3.9.4 Immature recycling market operation 
 
Although, there are C&DW treatment companies and firms in China, without efficient C&DW 
management and supervision systems, it is difficult for these companies to obtain the raw 
materials needed to sustain normal and profitable business operations. The unstable supply of 
waste and the high cost of treating and recycling the waste are the main operational challenges 
in China (Beigia et al., 2018:23-25). The demand for secondary materials is increasing daily in 
China. However, the immature recycling market is making the supply chain inefficient enough 
to make the recycling operation ineffective, although the Chinese government is now ensuring 
the recycling market is worthwhile. 
3.10 PROBLEM OF WASTE REDUCTION IN CHINA 
 
C&DW constitutes up to 50 percent of all solid waste in China, which are generated from the 
demolition of built structures for renovation or complete removal or renewal due to fast 
urbanization. The government reviewed and sought to improve its waste management system 
by way of reducing the landfill proportion and increase the rate of waste reduction, re-use and 
recycling, reaching a high recycling rate for C&DW. In 2013, about 1 billion tons of 
construction waste in China, including dismantling buildings produce about 740 million tons 
of construction waste, new building account for about 260 million tons of construction waste 
(Singh et al., 2014:1-13). 
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Unfortunately, the common waste management practice adopted in the Chinese waste 
management hierarchy is still conventional landfill or open storage on refuse sites for waste 
generation and disposal. The landfill has occupied more than 80 percent for waste disposal, 
China’s utilization of construction debris only accounts for five percent of the total waste. 
However, the Chinese government operates numerous instruments to manage the C&DW flow 
in the economy (Zhang et al., 2015:182-195). Yet, related problems viewed from an economic 
aspect are still surfacing because the problems of the performers in its construction industry is 
usually accredited to money. 
Mostly, for consumers, the costs of waste processing are normally less than one percent of their 
total expenditure. For contractors, especially public contractors, the problems of waste 
reduction are divided into several aspects. In China, waste starts its generation at the design 
stages of the construction projects (Chun-li et al., 2010:49-58). 
3.10.1 The architectural design 
 
A special phenomenon in China is the concurrence of design and construction. In survey 
projects, the delay from redesign results in reworking that produces a large amount of 
construction waste (Zhang et al., 2016: 1625-1643). In addition, the architectural designer does 
not usually consider waste in design. In the process where pressure to change designs is not 
prevented; waste is unavoidably generated. Continual change in design planning is indicated 
by various researchers as being one of the critical causes of waste generated in construction 
(Xiao et al., 2018:112-120). Chinese architects admit that the need to change project design 
abruptly has resulted in huge amounts of waste being generated in several construction projects 
in China. 
3.10.2 The management on the construction site 
Due to low price of raw materials and disposal, most managers do not pay attention to the 
improvement of the level of management. Investigation on construction sites reveal that there 
is no strong relationship between the environment and waste management therefore suggesting 
strengthening of the waste management awareness is needed (Xiao et al., 2018: 112-20). In 
addition, a waste management expertise is not used in most Chinese construction projects. This 
is another contributing factor to the generation of large amounts of waste in most construction 
projects in China (Chun-li et al., 2010:49-58). However, waste expertise on site is to ensure the 
efficient management of the waste generated from the initial to final stage in construction. 
Unfortunately, most contractors in China neglect to incorporate a waste management expertise 
in their project-execution team. 
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3.10.3 Recycling and re-use waste materials on sites 
 
Especially for demolition contractors, it is not worth recycling and re-use if the costs exceed 
the value of waste. Mixed waste will thus be directly transported into landfills, to save costs 
because of the low tipping fee of landfills (Anagnostopoulos et al., 2017: 275-289). In addition, 
the standard for the re-use of materials on sites is not properly employed due to lack of 
understanding of the waste management systems. 
3.10.4 Recycle market 
 
The recycling market lacks a central and stable medium to transform the waste into wealth in 
China. Unprofessional collection and sorting by waste pickers are difficult for manufactories 
to find suitable recyclers considering quality and quantity insurance. The current recycling 
market-oriented economy incurs few and profitable materials like concrete are directly 
transported into the construction and landfills. Weak recycling chains are maintained by 
spontaneous recycling and re-use of contractors and waste pickers. Unfortunately, this has 
created problems for the implementation of a more sustainable waste management system 
(Chun-li et al., 2010:49-58; Xiao et al., 2018:112-120). High prices of recycled materials have 
made the majority of contractors prefer the purchase of new materials instead of choosing 
recycled materials and so demand for secondary materials is at its lowest point. 
3.10.5 Investors 
 
Insufficient investment on disposal facilities does not necessarily indicate that private investors 
are not interested in the waste recycling industry. It is difficult for investors to afford the high 
investment costs of facilities, equipment, land and labour in the current recycling environment 
and market. Changes or ordination in legislation and technical regulation might make the 
recovery process even more expensive. These dynamics make it difficult for the investors to 
find the right timing and the right level for investments. Low benefits from recycling aggregates 
and a long payback period stops investment in the recycling industry (Xu et al., 2015:469-476). 
3.10.6 Manufacturers 
 
It is still difficult for manufacturers to accept recycled materials because of the consideration 
of non-quality assurance. An attractive price will possibly make manufacturers change their 
minds. Nevertheless, consequent low selling revenue will inevitably place a great burden on 
recyclers in the case of high recycling costs. The competition in price will ultimately make the 
recycling chain vanish (Zhu et al., 2014:103-117). Since, the Chinese manufacturers mostly 
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make use of raw materials for their production rather than recycled materials; the rate of 
demand for recycling materials diminishes with time. 
3.10.7 Owners of landfills 
 
In China, although a lot of private landfills exist; public construction and demolition landfills 
take the dominant capacity of disposal. According to regional regulations like the Commodity 
Prices issued documents and the low disposal fees of landfills leads the waste flow into landfills 
rather than into recycling. Low tipping fees are not the only cost from landfill leachate and gas 
collection systems, but what also needs consideration is the external cost of land loss and health 
loss of workers and residents (Tai et al., 2011:1673-1782). 
3.10.8 Government 
 
The Chinese government as a two-tier actor policy maker and investor plays an essential role 
in the improvement of the waste chain and even the determination of the future of waste 
management system in China. The technical and treatment regulations are not distinctly 
defined. The conservation of resources, minimization of construction and demolition waste 
from Construction Law and Urban construction waste management and other regulations are 
guideline. How to implement it in detail is not involved in laws. For example, recycling C&DW 
refers to standardization utilization of original building materials. Furthermore, the regulations 
and regulations related to environmental matters are too liberal. It will incur waste producers 
are reluctant to implement the high-investment environmental management measures. Limited 
financial support will further constrain development of waste management. In addition, 
government is defined as a cooperative administration special for construction and demolition 
waste at national and local levels since its responsible for waste management on site, waste 
transportation and disposal respectively (Chu et al., 2017:228-235). 
3.11 LESSONS LEARNT 
 
The literature reviewed in this chapter has shown the present circumstance of the waste 
management systems of Malaysia and China. Both countries are faced with the need for rapid 
growth in their industrial and construction sector because of a high rise in population and 
infrastructural demands. The urbanization in these countries also has influenced the generation 
of waste and further mounted pressure on the appropriate government and organizational forms 
to ensure the minimization of waste in protecting the environment. 
In Malaysia, the slow shift from conventional waste management systems of dumping of waste 
or landfilling is still commonly practiced. These landfills have caused social and environmental 
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problems for the country and due to the improper way of handling the waste, the landfill is 
quickly full of all kinds of waste. The challenges specific to the Malaysian construction 
industry are inadequate legislation, enforcement, insufficient classification of construction and 
demolition waste, the contingences of waste management, concern about using construction 
and demolition as raw materials, poor awareness regarding the requirements of C&DW 
management, disconnect between policies and practices, insufficient proper recycling markets, 
and lack of funds. Therefore, to ensure a more effective management of the C&DW system 
especially towards mitigating the impact on the environment, the integration of re-imagined 
and re-designed elements is of utmost importance in the Malaysian construction industry. 
In China, rapid economic growth, combined with the privatization of the construction industry 
has led to the steady rise in the number of workers employed in highly efficient construction 
teams, who have transformed China over four decades. C&DW management practices in the 
country are been guided by the ‘4R’-reduce, re-use, recover and recycle-principle, although the 
effectiveness of embracing such practices in China, where C&DW accounts for about 30-40 
per cent of the municipal waste, is still very limited. Yet the major obstacles to sustainable 
C&D waste management systems in the country has been shown to include the lack of a well- 
developed waste recycling market, insufficient regulatory support and the predominant trend 
whereby building designs do not pay enough attention to waste reduction. This has resulted in 
an uncontrollable amount of waste being generated in the Chinese construction industry. 
3.12 CONCLUSION 
 
The Malaysian and Chinese construction industries are facing numerous challenges; this makes 
their waste management systems unsustainable. Despite these challenges confronting the waste 
management systems in these countries, there has still been noteworthy improvement in the 
waste management systems practiced in their construction industries. However, the waste 
management systems in these countries require optimization. 
The next chapter will review the construction and demolition waste management systems 




CONSTRUCTION AND DEMOLITION WASTE MANAGEMENT SYSTEMS: 
EGYPT AND SOUTH AFRICA CASE STUDIES 
4.1 INTRODUCTION 
 
This chapter covers a literature review that outlines the C&DW management practice, policy, 
and problems facing the optimum implementation minimization of C&D waste. In addition, 
possible solutions will be discussed. In Egypt and South Africa, serious C&DW management 
activities are ongoing, and it is of importance to view them as both countries have vast growing 
and developing countries. Therefore, conflicting views of scholars and researchers will be 
presented so as to give a better understanding of how C&DW management system implemented 
in both countries. 
4.2 EGYPTIAN CONSTRUCTION INDUSTRY 
 
According to Garas et al. (2001:1-8), the construction industry in Egypt remains one of the 
most dynamic sectors of the economy among developing countries. This has become in the 
increase in the number of large-scale projects implemented in the country including energy, 
transport, services, and urban development. In addition, the industry has been evolving but its 
improvement, and the current surge of construction action is a contributing factor leading to 
infrastructural development and improvement in Egypt’s revenue generation. Although 
population pressure is the major driver of the nation’s economic agenda of creating sustainable 
housing projects, yet; developmental progression in the construction industry has created 
concerns for sustainable waste management (Nagapan et al., 2012b:299-309). The construction 
industry produces vast amounts of waste. This waste is created all through the various phases 
of the construction process starting from the extraction of virgin materials and their 
manufacturing processes to the construction process itself and, finally, the demolition and 
disposal of the materials in landfills (Pilar, 2010:1-10). 
According to Manal, (2014:38-48), the government of Egypt has identified the management of 
waste in its construction sector as an imperative environmental issue. This is related to the 
social, economic and technical factors, which affect the quantity of waste generated and 
significantly, its management. However, due to many financial, managerial, technical, and 
institutional reasons, this system has been unable to address the problem of waste management 
in the construction sector and thus continues to contribute to different environmental problems. 
In 2019, according to an Egyptian waste estimation annual report, the C&D waste has been 
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estimated to be 10,000 tons which is equivalent to one third of the total daily municipal solid 
waste generated per day. 
4.3 FACTORS INFLUENCING C&D WASTE GENERATION IN EGPYT 
 
In Egypt, waste generation in the construction industry can be attributed to six major stages or 
sources, which are design, procurement, handling of materials, operation, and residual sources 
(Al-Ansary et al., 2004:221). Furthermore, to estimate the type and amounts of C&DW is 
beneficial in several ways, which includes the effective planning of waste management on-site, 
an increase in waste reduction, recycling and recovery methods and the accurate estimation of 
the cost and values of managing waste from the environmental and economic points of view. 
In addition to accurately evaluating the amount of waste generated, tracking the total waste 
generated every year and estimating the future generation rates will be an imperative indicator 
for sustainable waste management (Elgizamy et al., 2016:128-140). 
According to Pilar (2010:1-10), it is difficult to account for waste produced in a construction 
project. In the case of Egypt, most of the C&DW has always been recognized as inert materials 
and has not been considered a big environmental threat until the overall amount of solid waste 
increased to uncontrolled levels and the landfill spaces became limited. Accurately estimating 
the amount of construction waste generated is not easy in Egypt because many of the buildings 
are unplanned, especially in slum areas. In addition, it is quite common that local contractors 
and developers do not have proper construction waste management systems, or registration of 
waste on site. Therefore, there is no record of the amount of waste generated. Moreover, the 
skills and level of training and experience of the site workers play an important role for waste 
materials produced. This results in the lack of detailed statistics and information about the 
composition of C&D waste, or any forecast into the amounts and types of C&DW in Egypt 
(Elgizamy et al., 2016:128-140). 
4.4 CONSTRUCTION AND DEMOLITION WASTE PROBLEMS IN EGYPT 
 
According to Al-Ansary et al. (2004:221), demolition waste is defined as mixes of building 
materials such as aggregate, wood, paper, insulation materials, dirt, and so on. These materials 
are produced by the demolition of buildings or existing structures, either intentionally by man, 
or by natural disasters. The construction industry produces vast amounts of waste. According 
to Abdelhamid (2014:317-326) wastes are produced throughout the different phases of the 
construction process starting from the extraction of virgin materials and their manufacturing 
process to the construction process itself and, finally, the demolition and disposal of the 
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materials in landfills. Some of this waste includes materials such as bricks, wood, steel, and the 
like; the type of material found depends on each country’s environmental factors. Furthermore, 
in order to sustain the sustainable construction concept, therefore, it is necessary to increase the 
use of recycled materials in addition to decreasing C&DW during the whole construction 
process (Pilar, 2010:1-10). 
In Egypt, C&D waste accounts for a high percentage of municipal solid waste at approximately 
15-30 percent. Due to the scarcity of landfill space and increasing building costs, the need for 
C&D waste and its management has become a priority especially in developing countries”.  
Previous studies estimated that, in developed countries, due to C&DW activities, there is total 
generation of about 500-1000kg of waste per capita per year (Saez et al., 2011:137-146). 
Aggregate of high quality is becoming increasingly difficult to find. In fact, in the past, many 
aggregate sources were used up, compelling concrete patch plants to use fewer aggregate 
sources. To extract aggregates from the earth, a huge amount of energy is required, followed 
by an equally huge percent of energy needed to make these aggregates suitable for use in the 
concrete manufacturing process. In addition, mining activities have always been a cause of 
environmental destruction. Given the above factors, the use of recycled aggregates, or 
demolition concrete, is becoming an urgent need (Maier & Oliveira, 2014:484-498). 
The construction process has many negative effects on the environment throughout all its 
phases: on rural areas by building construction, at a geological level by extraction and use of 
materials, on air and water quality by emitting polluted liquid and gases to the environment 
and, finally, by consuming vast amounts of energy. It should also be pointed out that the 
construction industry consumes huge quantities of raw materials, making it one of the highest 
environmental polluters (Pilar, 2010:1-10). Khairulzan and Boussabaine (2006:6-19) state that 
the waste generated from building activities has the following characteristics; it might contain 
high levels of hard to recycle materials, such as asbestos and insulation rated materials, or high 
levels of chemical waste such materials with huge percentage of inflammability or taxability. 
Thus, prevention of C&DW is seen to be better than recycling it at the end of its lifecycle, and 




Figure 4.1: Cumulative percentage of construction waste generating rate in Egypt 
Source: El-Haggar (2007:234) 
In 2010, according to the United States Environmental Protection Agency, nearly all waste 
materials from construction were regarded as hazardous due to the following characteristics: 
ignitability i.e. ability to burn, corrosiveness, toxicity and reactivity. Some of the hazardous 
construction materials includes acetone, acetylene gas, glues, greases, ammonia etc. Although, 
most C&DW were considered inert materials, however some of these wastes such as concrete 
additives, adhesives, glues and sealants can decompose and leak chemicals into the 
environment which might be extremely dangerous when they reach the water underground. 
Another problem of putting C&DW in landfills is that they occupy too much land area, a 
problem which results in reduced soil production capacity (Sakr et al., 2011:1158-1169). 
4.5 C&D WASTE MANAGEMENT STRATEGIES IN EGPYT 
 
In Egypt, the C&DW management strategies used consist of five major sections; reduce, re- 
use, recycling, recovery and disposal. Each section exhibits strategic roles which each 




According to Mohamed and Nanis (2016:336-347), reduction is a preventive method aimed at 
minimizing the waste generated from the source before it becomes a physical problem. This is 
especially employed during the planning, tender and contract formulation and execution phases 
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as follows; during the planning phase, the main participants are the owner and or engineer. The 
suggestion during this phase is that the owner should determines the project construction 
procedures and demolition criterion. During the tender and contract formulation phase, the 
owner’s responsibility is assigning an engineer as a consultant to provide the required 
professional and technical expertise in managing the construction and demolition works. 
However, the owner should avoid evaluating the contractor’s bid on the lowest price but rather 
the lowest responsible bid in which prior taking the action of the construction or demolition, 
waste management hierarchy is taken into consideration but most importantly, a waste 
management plan is enforced in the contract. 
During the execution phase, there should be stringent site supervision upon contractor’s site 
work to ensure proper implementation of the waste management strategies. Therefore, the 
owner should supervise the contractor’s performance in implementing the waste management  
procedures and take corrective actions when needed. Notwithstanding, the contractor should 
plan submission of full detail waste management plan and address the construction and 
demolition sequence in advance generating the least amount of waste while maximizing reduce, 
re-use and recovery actions (Mohamed & Nanis 2016:336-347). 
4.5.2 Re-use 
 
Re-use is defined as the re-working of materials to re-use in the same applicable way or to use 
in an applicable lower grade. The contractor is given sole responsibility in adopting the re-use 
method on the project through the execution phase. This is done through collection procedures 
where there are separation, segregation, and sorting in the waste stream. In addition, the waste 
management personnel should be readily available to set out the waste management 
programme and to supervise all the on-site waste management systems checking that they are 
implemented according to the project plans. Also work activities and the documentation of all 




The recycling procedure is defined as the utilization of waste as raw materials in other 
applications. This can be successfully implemented during the execution phase. At this phase, 
the contractors would ensure that usable waste can be recycled. For example, metals such as 
steel, copper, and aluminum can be sold to factories to be recycled in producing new metals. 
Similarly, recycled materials such as concrete or asphalt materials can be used, materials like 
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bricks, concrete, stone and marble can be crushed to maximize their re-use or recycled 




In Egypt, recovery is a process of generating energy from waste materials that cannot be 
reduced, re-used or recycled. Recovery procedures can also be implemented during the 
execution phase by the contractor. Recovery techniques such as pyrolysis, gasification and bio 
digestion are employed (Wilson et al., 2013:52-68). 
4.5.5 Disposal 
 
In Egypt, the last category in their waste management hierarchy is disposal. Although, 
disposing of waste should be carried out in a controlled landfill to prevent any contamination 
of water and soil, there is a practical need to select, design, construct, and operate the landfill 
sites with a proper environmental management system in order to protect the environment 
during the whole lifespan of the landfill (Ruth et al., 2017:26-34). 
4.6 SOUTH AFRICA CONSTRUCTION INDUSTRY 
 
The South African construction industry is the most significant contributor to the country’s 
economic growth. The industry created around 142 thousand jobs in the first quarter of 2019, 
while still employing over eight per cent of the country’s labour force and its construction 
output contribute four per cent of the economy’s GDP. However, the sector is still faced with 
pressures as expenses on infrastructures declined and the local economy failed. In addition, 
there is growing concern because of the threat of the expropriation of land without 
compensation. Although, the government is committed to sustainable development aimed at 
balancing and broadening economic and social challenges of a developing and unequal society, 
while protecting environmental resources, this necessitates the management of resources in an 
environmentally sound and economical manner (Sustainable Waste Management Fact Sheet, 
2019). According to Nkosi and Muzenda (2013:42-47), in the South African waste sector, 
attention must be given to raw material use, product design, resource efficiency, waste 
prevention, and minimization where avoidance is impossible. 
However, economic development, a growing population and increasing rates of urbanization 
which requires establishing and implementing effective waste management policies and 




the amount of waste generated is about 42 million tons in South Africa. Only 4.9 million tons 
i.e. 11 percent of general waste was recycled during this period. 
 
Therefore, the largest contribution to total quantity of the impact of increasing waste generation 
is evident in various forms, which affect the environment and human health in many ways 
(DEAT, 2000; Almorza & Brebbia, 2000). The adverse effects of poor waste management 
include unattractive surroundings, loss of land; loss of construction material values increases 
in the spread of diseases, poor community health. Waste accumulation can promote the spread 
of disease vectors and result in specific adverse health effects associated with pollution, such 
as birth defects, cancer, and respiratory illnesses, and air and water pollution will occur in the 
form of dust and hazardous compounds if the landfills are not managed correctly. Water 
pollution, on ground and surface water, will occur where improper precautions have been taken 
to prevent leachate (Vasanthi et al., 2008:227-238). South Africa is different in some ways 
from developed nations. 
Drivers of C&D waste control in South Africa include loss of resources, increase in 
environmental degradation, resulting from increases in illegal dumping of C&D waste; 
concerns related to energy consumption levels of the construction industry; increases in waste 
management costs, particularly waste transport and disposal; and the need to create 
employment opportunities (Macozoma, 2001:67-77). 
4.7 CHALLENEGES FACING SUSTAINABLE WASTE MANAGEMENT IN 
SOUTH AFRICA 
According to the Council for Scientific and Industrial Research, the South Africa C&D waste 
stream alone is estimated at around five to eight million tons per annum. This shows that there 
is a massive opportunity for growth in the waste management sector. There are vast open spaces 
and natural aggregate resources still available, however as the available areas for landfill sites 
are reducing, natural resources are depleting and the pressures from global markets increase, 
the need to have a quality waste management system grows rapidly. Hence, South Africa needs 
a sustainable waste management system in its construction industry (Nahman & Godfrey, 
2010:521-531). However, a few issues continue to be a challenge for effective waste 
management. 
These include ineffective data collection systems and lack of compliance and enforcement 
capacity, lack of education and awareness amongst stakeholders within the waste sector, 




level, availability of suitable land for waste disposal, lack of structured incentives for reduction, 
and recycling and/or re-use of waste. The official country problem statement according to the 
National Waste Management Strategy (DEA 2012a:16-20) lists the following as the major 
challenges faced by South Africa in the waste management arena: A growing population and 
economy, which means increased volumes of waste generated. This puts pressure on waste 
management facilities, which are already in short supply; increased complexity of the waste 
stream due to urbanization and industrialization (Ekanayake and Ofori, 2000:1-6). 
However, the complexity of its management, which is compounded when hazardous waste 
mixes with general waste, a historical backlog of waste services for urban informal areas, tribal 
areas and rural formal areas has caused severe problems in managing the waste. In addition, 
inadequate waste services have led to unpleasant living conditions and a polluted, unhealthy 
environment. Limited understanding of the main waste flows and national waste balance 
because the submission of waste data is not obligatory, and where data is available, it is often 
unreliable and contradictory; a policy and regulatory environment that does not actively 
promote the waste management hierarchy (Muzenda et al., 2012:309-312). 
This has limited the economic potential of the waste management sector, which has an 
estimated turnover, which is big (DEA 2012a:16-20). The management of waste in South 
Africa has been based on the principles of the waste management hierarchy as found in the 
policies, but the management of waste has not necessarily followed the hierarchal approach 
(Muzenda et al., 2012:309-312). This approach is a recognized international model for the 
prioritization of waste management options. It offers a holistic approach to the management of 
waste materials and provides a systematic method for waste management during the waste 
lifecycle addressing in turn waste avoidance, reduction, re-use. Recycling, recovery, treatment, 
and safe disposal as a last resort. This aim is to reduce the reliance of South Africa’s waste 
disposal on landfills, as currently most of the waste ends up therein (Nkosi et al., 2013:303- 
308). 
4.8 C&D WASTE MANAGEMENT STRATEGIES IN SOUTH AFRICA 
 
Waste minimization is the reduction at source through re-use and recycling. Furthermore, the 
minimization of waste is a process that involves reducing the amount of the waste produced on 
construction site and it helps to eliminate the generation of harmful and persistent wastes, thus 
supporting efforts to promote a more sustainable society. The minimization of waste strategy 
adopted in South Africa is the 4Rs which is also been used to structure its waste hierarchy 




designed in a manner that minimizes their waste components or in a manner that reduces the 
natural materials quantities used and the potential toxicity of waste generated during the 
production, and after use. Materials can be used for similar or different purposes without 
changing form or properties. This approach seeks to re-use a product when it reaches the end 
of its life span. In this way, it becomes input for new products and materials. This involves 
separating materials from the waste stream and processing them as products or raw materials 
(Muzenda et al., 2013:209-213). 
According to Michael and William (2013:227), the essentials of the waste management 
hierarchy are the foundation of the cradle-to-cradle waste management approach. In addition, 
reclaiming particular components or materials or using the waste as alternative useful products 
is always a preferred strategy, similarly treatment that refers to any process that is designed to 
minimize the environmental impact of waste by changing the physical properties of waste or 
separating out and destroying toxic components of waste is another alternative. But disposal 
which is specially a way of depositing or burial of waste onto or into land is a last resort within 
the waste hierarchy. While processing treatment and disposal of waste must take place in 
accordance with the principles of environmental services. 
4.8.1 South Africa Waste management policy 
 
The South Africa waste management policy framework is presented with attention drawn 
towards national and international legislation; and how it has affected the decisions of waste 
management mandatory functions within the spheres of government, particularly in the last 
decade. In addition, consideration is further given to the shift in policy and legislative direction 
since the promulgation of National Environmental Management: Waste Act adopted for 
National Waste Management Strategy and various waste management policies and regulations. 
The roles and responsibility of government institutions and the legislative mandates of key 
spheres of government are presented in the Act, including a presentation of the performance 
management system (DEA, 2012a:16-20). 
With good legislation in place, clarity in functional roles and responsibilities, lessons and 
commitments, the South African approach demonstrates the country’s commitment to an 
efficient system for waste management. However, South Africa does not have enough technical 
capacity and human capacity in the waste management field. A few opportunities for 
continuous improvement exist within the enabling legal framework and institutional 
arrangements on waste management. Emphasis for future improvements is placed on key 




service level agreements and contracting of services amongst key role players in government. 
For instances, where spheres of government such as district and local municipalities share 
responsibilities, a clear contracting framework is required. This contractual arrangement must  
ensure that a single authority remains political and administratively accountable for the service 
(DEAT, 2001). 
In addition, a new emphasis on regionalization means better efficiency and transparency of 
service. This will ensure that resource mobilization is maximized. An obstacle to 
regionalization is the funding of services; according to the municipal Systems Act, when two 
local municipalities perform the same function, that same function becomes elevated to the 
district and Municipal infrastructure Grant funds are no longer allocated to the districts. As a 
result, funding of such functions by the districts poses a challenge; and a system where all 
revenue collected from waste management service. This provision is ring-fenced towards 
improving the same service is desirable within government institutions. 
Such a system for South Africa will result in improving the same service, which is desirable 
within government institutions. Such a system for South Africa will result in improved 
financial management, re-investment into waste facilities and infrastructure, improved 
financial accountability and fair waste management service delivery” (DEA, 2011). The 
operational waste management policy in various municipalities in the country has enhanced 
municipal waste management since both parts involved in the contractual agreement must 
strictly comply to the dictates of the regulations. 
4.8.2 Legal framework and Functional Responsibilities 
 
According to Godfrey et al. (2017:799-812), South Africa’s legal framework on waste 
management is one of the most progressive on the continent of Africa. There is a clear division 
of roles, responsibilities, and mandatory obligations and a framework for the environmental 
legislation established by the National Environmental Management Waste Act (NEMA). This 
act places considerable emphasis on the development of an integrated waste planning system, 
through the development of integrated waste management plans (IWMPs) by all spheres of 
government and identified industries must develop industry waste management. All spheres of 
government are legally responsible for waste management in the country. The specific roles of 
all the spheres of government are clearly outlined in the Municipal Waste Sector Plan 2011” 
(DEAT, 2011). Each role is expected to be executed in accordance with the guidance stipulated 
in the procedures, while the legal framework guides are in place to ensure effective 




4.9 LESSONS LEARNT 
 
The literature reviewed in this section has shown the present circumstances of the waste 
management systems of both Egypt and South Africa. The two countries are faced with the 
need for rapid growth in their industrial and construction sectors as a result of high rise in 
population and infrastructural demands. The urbanization in these countries also has influenced 
the generation of waste and has further mounted pressure on the appropriate government and 
organizational forms to ensure the minimization of waste in protecting the environment. 
The construction industry remains most dynamic sectors of the economy among developing 
countries especially in both Egypt and South Africa. This has been obvious in huge increase in 
the number of large-scale projects implemented in the country including energy, transport, 
services and urban development. Although, population pressure is the major driver of the 
nation’s economic agenda of sustainable housing projects, yet; developmental progression in 
the construction industry has created concerns for sustainable waste management. In Egypt, 
waste generation in construction industry can be attributed to six major stages or sources, which 
are design, procurement, and handling of materials. And managing C&D waste In Egypt, 
strategies used consist of five major sections: Reduce, re-use, recycling, recovery, and disposal. 
In South Africa, economic development, a growing population and increasing rates of 
urbanization have necessitated the establishment and implementation of effective waste 
management policies and programmes. Also, the management of waste in South Africa has 
been based on the principles of the waste management hierarchy has been in the policy, but the 
management of waste has not necessarily followed the hierarchal approach. This approach 
offers a holistic solution to the management of waste materials and provides a systematic 
method for waste management during waste lifecycle addressing in turn waste avoidance, 
reduction, re-use. Recycling, recovery, treatment, and safe disposal as a last resort”. 
Furthermore, the South Africa government instituted policy, legal frameworks and functional 
responsibilities to ensure the waste sector works efficiently. In fact, the South Africa’s legal 
framework on waste management is one of the most progressive on the continent of Africa”.  
The drive towards sustainability in South Africa considered the idea of a zero-waste approach 
to waste management and the government is tirelessly working towards achieving this aim. 
Although, the zero waste management strategies are realistic in South Africa, the major 




Finally, both countries have experienced an increasing awareness of the challenges of waste in 




It is significant to note that many stakeholders in the construction industry and waste sectors in 
most developing countries are beginning to realize the environmental benefits as well as the 
social and economic opportunities that are presented by managing C&D waste through a 
sustainable policy and framework that will ensure that landfill disposal sites are minimized. 
Governments’ commitment to waste management is to ensure the implementation of strategies 
that will reduce waste generation and disposal by more than 50 per cent and even develop a 
plan for zero waste management exclusively to minimizing waste in both countries. 
The next chapter will review the construction and demolition waste management systems 










This chapter encompasses a systematic review of the existing C&DW management systems 
implemented in Nigeria. In this chapter, the factors influencing waste generation, practical 
C&DW minimization approaches implemented in Nigeria, and various roles played by 
stakeholders in ensuring the waste systems are practicable is examined. 
5.2 Nigerian Construction Industry 
 
The construction sectors continue to be the major stimulant in the country’s economic growth 
and development in Nigeria. However, the major features in the industry are building 
construction and civil or heavy engineering construction (Babangida & Azienita, 2017:1-4). 
The industry plays a strategic role in the economy. It consists of both foreign and local 
organizations, which are classified into small, medium and large according to their level of 
capitalization and annual turnover. Nevertheless, in the real industrialized countries, the 
construction industry can be responsible for up to 20 per cent of the GDP and employs up to 
12 percent of the total labour force (Wahab & Lawal, 2011:246-254). 
According to Adeniyi (2017:6-12), the sector contributes 10.2 percent of GDP which is a clear 
signal that the construction industry in Nigeria has not failed to meet expectations of 
governments, clients and society. Construction contract deals started in early 1940s with a few 
foreign companies. Although, the oil profit followed 10 years after the 1960 independence 
which led to an increase in the need for construction and demand for construction services 
rapidly increases. According to Mudi et al. (2015:546-555), the level of government interaction 
within the industry as regulators, purchasers and financiers resulted in average growth rate of 
18 percent between 2010 and 2012. 
However, because of the labour intensiveness of construction services, jobs have been created 
and there is still potential to expand, to accommodate the rising need for service in the sector. 
Wahab and Lawal (2011:246-254) indicate that the federal, state and local tiers of government 
award about 70 per cent of the contracts while the private sector awards the remaining 30 per 
cent of construction work. This shows that the Nigerian construction industry at present is 
completely different from what is achievable elsewhere in the world where it is privately 




different types of clients and contractors which consist of both public and private clients, main 
contractors and sub-contractors, indigenous and foreign companies, low technology firms and 
sophisticated specialists, builders and civil engineers and a whole range of construction 
professionals connected within the industry. According to Mudi et al. (2015:546-555), the 
federal government of Nigeria is involved in most of the complex projects such as road, sea 
and airport and some heavy engineering projects at about 64.9 per cent of the projects executed. 
This is followed by state government, which is responsible for about 22.7 per cent of the 
projects, although there is still some form of collaborating with different groups of investors in 
the industry”. 
5.3 FACTORS INFLUENCING C&D WASTE GENERATION IN NIGERIA 
 
Generally, large volumes of waste are generated on average construction sites in Nigeria, 
especially in Lagos State, owing to its position as Nigeria’s commercial nerve centre, and it has 
continued to experience rapid population growth projected at six to eight per cent per annum, 
but very few measures are taken to minimize the volume of waste generated either through 
recycling or re-use. Most waste generated are from demolition and renovation work while 
material handling is the most influencing factor for construction waste generation. Majorly, the 
waste is being disposed of indiscriminately in dumpsites and landfills. This implies that only 
some of this waste is recycled (Ajayi et al., 2008; Idris et al., 2015:1142- 1147). 
According to Garba et al. (2016:33-47), inadequate accounts for waste generated annually has 
been a significant problem in Nigeria. In addition, the involvement of non-regulatory sectors 
in the collection of the waste is a major contributor, although the participation of informal 
private sectors in the disposal of the waste has also made the environment livable now. 
Therefore, in order to have accurate data of the amount of waste being generated, proper 
surveys needed to be examined. The Waste Management Authority is currently an improved 
institution, assigned with the responsibility of the monitoring and disposal of all forms of waste 
and as well managing the landfill sites. A report by this authority, states that there are five 
landfill sites in the three major sites and several temporary sites, where all types of waste are 
disposed, including demolition and construction waste. 
Although, according to Oluwaleye (2012:52-60), little consideration has been paid to the 
control of the generation of C&D waste in the last decade which can be attributed to the 
availability of relatively low means of waste disposal and generally low environmental 




during different stages of construction, which can be during the planning, estimating or 
construction stage. In addition, in procurement, not all the materials are used during 
construction and this indicate that the leftovers may remain as waste that may not be accounted 
for (Wahab & Lawal, 2011:246-254). 
Oladiran (2008:1-9) describes the causes of materials waste in Nigerian construction sites. 
They include poor site supervision, design error, defective materials, unskilled labour, wrong 
quality materials, change in design, specification errors, poor storage facilities, poor handling 
processes, poor material scheduling, poor product information, wrong suppliers’ advice and 
bulk purchase which leads to excess which contribute significantly to waste generation in its 
construction sites. 
5.4 PRACTICAL C&D WASTE MINIMIZATION APPROACHES IN NIGERIA 
 
Olabode and William (2019:1-15), indicate that the main driver of material waste minimization 
is the immediate financial benefits of cleaner and safer site conditions. However, Odediran et 
al. (2012:255-264) indicate that the value of materials waste minimization in the construction 
industry that adopt the techniques are expressed in increased profits, reduced materials 
shortage, reduced delay on projects completion and final cost. In 2017, WRAP reported that a 
good practice of material waste minimization produces a range of benefits, which include 
reduced material costs, disposal costs, increased competitive differentiation, increased 
performance against corporate sustainability responsibility objectives, lower CO2 emissions, 
meeting planning requirements, complementing other aspects of sustainable design; and 
responding to and pre-empting public policy. 
According to Adeagbo and Kunya (2005:49-55), waste minimization strategies are hardly ever 
implemented especially during the designing stage in most of the construction industry in 
Nigeria. The estimation of waste that could be generated from the design processes is not 
usually considered. This means there are no standard waste management policies and practices 
adopted by architectural firms (Ajose & Opaluwa, 2017:1-6). Although, Agyekum et al. 
(2013:125-146) state that for wastage to be reduced or eliminated, the construction industry 
should introduce material waste minimization strategies. However, Timothy and Isaac 
(2016:11-29) indicate that the strategies considered to minimize C&D waste include training 
and re-training of supervisors on material waste minimization strategies, using modular design 
systems, introducing incentives to motivate labour to minimize material wastage on site,  
purchasing raw materials that are just sufficient and training of personnel on handling, storage 




Furthermore, Ezerie et al. (2017:231-236) investigated the perceptions of construction 
operatives, tradesmen and artisans in Nigerian construction industry, and arrived at definite 
practical measures to reduce C&D waste on Nigerian construction sites. These measures 
include; proper site supervision and management techniques, adequate storage of material, 
training of construction workers on waste management, use of sustainable waste technology, 
proper procurement management, proper implementation of waste management plan, 
mechanical handing of materials, employment of skilled workmen to carry out site operation,  
and prefabrication of construction components off-site. 
5.5 WASTE MANAGEMENT PLAN IMPLEMENTATION 
 
According to Olatunji (2008:1-9), the key importance of a waste management plan is to provide 
a tool for construction engineers, planners, and contractors to determine the best scenario for 
waste management plans for construction sites. This was further shown in how Hong Kong 
mandate contractors to prepare management plans before they are paid. However, Shen et al. 
(2004:472-481) stress that there is an absence of procedure in providing guidelines on how to 
produce a suitable waste management plan and developing a waste management-mapping 
model which can introduce a waste management plan before the commencement of 
construction activities specifying various handling measures for managing waste onsite. It also 
suggests applying a review that involves site workers’ participation to assess the effectiveness 
of the waste management process on site. 
In addition, Greenwood et al. (2003) emphasize that contractors can minimize their waste as 
part of their daily business activities by developing a waste minimization plan that documents 
the waste analysis, evaluation, activities needed, types and quantities and disposal cost. 
However, understanding the conditions affecting waste minimization decisions, such as the 
location of waste facilities and the willingness of site staff to undertake waste minimization 
activities is important. Oladiran (2009:20-22) in a study, suggested that this waste minimization 
plan should be established and implemented in the Nigeria construction industry. 
Poon et al. (2004:675-689) indicate that the content of a good waste management plan should 
include analysis of waste generated and alternatives to waste disposal. Likewise, the account 
of the materials for re-use; salvage and recycling; disposal options; materials or waste handling 
procedures; appointment of a waste management manager; waste sorting and handling 
facilities; special handling disposal of hazardous waste; names of salvagers, recyclers and 
locations; waste facilities and on-site plans are the content of a sustainable waste management 
plan. In Nigeria, the government is trying to devise a sustainable waste management plan to 
curb the generation and adverse effects of waste on the environment. However, there are still 
problems that need to be tackled to make this a reality. 
5.5.1 Evaluation of waste minimization opportunities 
 
This involves identifying waste stream, evaluating waste on-site; deciding the final destination 
of waste materials; segregating waste; and studying materials and handling procedures onsite. 
Waste streams are the flow of the waste that are specified specify right from their sources 
through recovery, recycling to the final disposal (Ajayi et al., 2017:38-46). The waste on 
construction sites should be evaluated to determine an end to either landfills or burning. Waste 
segregation is done to sort out the waste that could possibly be re-use or recycled. 
5.5.2 Implementation 
 
According to Oladiran (2009a: 20-22), the waste management plan must be understood and 
accepted by all concerned before its implementation. Thus, staff training, communicating with 
staff and getting their commitment are an essential part of the implementation. Most Nigerian 
construction workers are not trained on how to utilize the waste management on sites to 
minimize waste. However, implementation will never be effective; if this training is not 
achieved (Oladiran 2019:45-61). 
5.5.3 Monitoring 
 
To help evaluate the waste management plan, targets and readjustments must be ensured for 
improvements. In addition, crucial monitoring of the implementation procedures is key to its 
achievement. According to Akinade et al. (2018:375-385), monitoring the operation of the 
waste management plan on sites and ensuring that it functions maximally is important. 
Therefore, site supervisors must take responsibility to ensure the waste management plans are 
effectively carried out on-site. 
5.5.4. Modification of the plan 
 
The two main purposes of this phase are to ensure that changes made after monitoring are used 
on-site and effectively communicated to staff and that information about the changes are 
disseminated to all levels of staff. This can be done through organizing staff training if 
necessary (Adewuyi et al., 2014:96-103). A waste management expert with precise technical 
knowledge must be part of the organization team to assist in the modification processes, while 






5.6 LESSONS LEARNT 
 
This chapter has covered an overview of existing C&DW management systems, problems, 
prospects and outlined the requirements for effective waste management systems in Nigeria. 
The various roles of stakeholders in the waste management system, and influence of 
government policy on sustainable management of C&DW will be examined. The literature has 
shown that the construction sector contributes 10.2 per cent of GDP, which is a strong 
indication that the construction industry in Nigeria has met the expectations of governments, 
clients, and society. 
Generally, large volumes of waste are generated on average construction sites in the country 
with this happening predominantly in Lagos State. The major causes of materials waste in 
Nigerian construction sites as poor supervision, design error, defective materials, unskilled 
labour, wrong quality materials, change in design, specification errors, poor storage facilities, 
poor handling process, poor material scheduling, poor product information, wrong suppliers’ 
advice and bulk purchase which leads to excess which contribute to waste generation in its 
construction sites. However, very little measures are taken to minimize the volume of waste 
generated either through recycling or through re-use. 
Finally, although there are legal frameworks in place and government authorities which 
currently are assigned with the responsibility of monitoring, and disposal of all forms of waste 
and as well managing the landfill sites all over the country, there is still huge effort required to 
make sure the waste system and framework work efficiently to cope with the emerging 
challenges of waste management in Nigeria. 
5.7 CONCLUSION 
 
In conclusion, this chapter has shown that there is a deficiency in implementing sustainable 
C&DW management strategies possibly as a result of the non-availability of guidelines, poor 
practices of waste hierarchy approaches to waste management, and government policy not 
strictly being monitored with the possibility of complacency among bodies involved in making 








This chapter discusses the research methods designed and implemented in this study. It 
discusses the rationale for the research, the research design, geographical area, pilot study, 
targeted population, instrument used for data collection, data analysis with the methods that 
was used to validate and show the reliability of the study instruments. Finally, the ethical issues 
related to the research are discussed in this chapter. 
6.2 RESEARCH RATIONALE 
 
The fundamental purpose of this study is to assess the waste management systems in operation 
in the Nigerian construction industry. In order to give concrete evidence for the current situation 
of waste systems, this study has provided a wide understanding of the construction and 
demolition waste management practices employed in the Nigerian construction industry. This 
was achieved by exploring the waste material composition, generation, minimization 
approaches used, adverse effects of the waste on the environment and the various benefits of 
sustainable waste management systems to the construction industry. 
6.3 RESEARCH APPROACH AND DESIGN 
 
Leedy et al. (2013:22) describe research design as the general strategy that you choose to 
integrate the different components of the study in a coherent and logical way, thereby, ensuring 
you will excellently address the research problem; it constitutes the blueprint for the 
collection, measurement, and analysis of data. Creswell and Creswell (2018:34) describe the 
function of a research design as being the element that ensures that the evidence obtained 
enables you to address the research problem logically and as unambiguously as possible. 
Consequently, the research design is a detailed plan that provides the numerous strategies 
used by the researcher to achieve exact, official, and objective data (Harmed, 2016:6-8). 
Fundamentally, there are three types of approaches in research, these are quantitative, 
qualitative and mixed method. Fowler (2013:23) describes quantitative research as an official, 
objective, and general process to clarify and assess relationships and effects among the 
variables to be examined. Furthermore, according to Nicholas (2017:56), quantitative research 
is an official as well as unbiased way of gaining information from a sample of people through 
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self-reporting. The respondents offer some answers to questions sent to them by the researcher. 
In this study, a quantitative research approach was used to explore the factors influencing the 
generation of C&DW, approaches used in minimizing waste, adverse effects of the waste on 
the environment, the benefits of waste management systems to the Nigerian construction 
industry. 
This study collected information from several professionals in the Nigerian construction 
industry through a well-structured questionnaire, which was sent out by the researcher (see 
Appendix 2). The quantitative survey technique was adopted because in a relatively short 
period of 87 days, a large portion of the sample population in the research area could be 
adequately covered. This approach further makes use of a standard research design and fixed 
procedures, which makes it possible to be, replicated (Ledwaba, 2012: 21). According to Yin 
(2014:12), a research design might be descriptive, exploratory, or explanatory. An exploratory 
study which offers an accurate account of the characteristics such as the perceptions, behaviour, 
belief, capabilities and understanding of a circumstance or group was used in the study. This 
technique was chosen so as to achieve the study objectives to indicate material waste 
composition, waste generation, minimization approaches and benefits of C&DW management 
systems. 
6.4 AREA OF STUDY 
 
The choice of a research area is important to any study; even though often it is underestimated 
by many researchers. This study draws attention to the construction industry in Nigeria owing 
to the major conventional construction methods used which has a great propensity to generate 
considerably large amounts of waste and Lagos is a major determinant owing to its population 
growth and industrialization. This study therefore was carried out in Lagos, which is one of the 
urban cities in Lagos located in the southwestern part of Nigeria. South-West (SW) is one of 
the six geopolitical zones in Nigeria and Lagos had its capital in Ikeja. Lagos is the nation’s 
largest urban area in Nigeria. It is a major commercial centre, and majority of massive 




Map 6.1: Map of Lagos State showing all the local government areas 
Source: Ministry of physical planning, Lagos State (2018) 
6.5 PILOT STUDY 
 
Dahlberg and McCuaig (2010:181) state that the most substantial aspect of questionnaire 
design is piloting. The questionnaire used in conducting this research was piloted with 
construction professionals to ensure the appropriateness of the selected research instrument. 
Neuman (2000:166) states that conducting a pilot study of a questionnaire can intensify the 
reliability of the study. Five questionnaires were piloted. 
6.6 TARGET POPULATION 
 
Burns and Grove (2001:38) describe populations as being overall people with similar features 
and are of concern to the researchers in meeting the standard for inclusion in the study. In 
Nigeria, massive construction activities are ongoing in the urban cities especially the 
Metropolis of Lagos This implies that all the parties necessary to be involved in the survey 
were accessible and this made it possible to collect more than sufficient questionnaires without 
any concerns. This study population comprises quantity surveyors, architects, civil engineers,  
project managers, and builders in Lagos, Nigeria. The construction professionals were chosen 
since they have an adequate level of understanding 
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and experience to contribute to the objectives of this study. This was achieved with the use of 
a well-structured questionnaire sent to the professionals in the Nigerian construction industry. 
Moreover, to prevent the risk of participants’ identification, the choice of respondents’ 
population was made in such a way to ensure their identities remain anonymous. In addition, 
references will only be made to averaged data across the respondent population and no specific 
individual or organizations will be mentioned. 
6.7 SAMPLE 
 
Sampling is the method of choosing a distinctive part of a population sample for determining 
features of the whole population (Harmed, 2016:18-27). There are two groups of sampling 
methods, which are probability sampling and purposive random sampling (Teddlie & Yu, 
2007:77). This study made use of random sampling. Because random sampling provides all the 
respondents the same opportunity to be chosen for the study with equal criteria, this is why this 
study used this method. In addition, random sampling is frequently used when the target 
population has equal features, or the sampling size is excessively large to signify the whole 
population effectively and every participant of the whole population has the same opportunity 
of being chosen as a sampling respondent. A criterion for the selection of participants for this 
study was that they had to be professionals in the Nigerian construction industry.  
For this study, the sample size above one-hundred and fifty (150) is calculated to be deem fit 
for the assessment. Therefore, any collected data less than the sample size is not sufficient for 
the data-analysis. 
 
6.8 DATA COLLECTION 
 
According to Omran et al. (2011:60), the data collection stage is vital in achieving the 
objectives of a study, because it involves gathering all the required information from the 
important sources. The data used for this study was collected through primary and secondary 
sources of data collection. The primary data collected for this study was done by administering 
well-structured questionnaires, which are mostly used for quantitative research (McDaniel & 
Gate, 2012). However, the secondary data was gained by making use of current literature 
published in conference papers, government reports as well as journal articles. 
Kumar (2011:31) stated that reviewing literature increases the knowledge base of the 
researcher and helps in integrating the results or findings with the existing body of knowledge. 
After the questionnaires had been approved by the supervisor for data collection of this study, 
a list of appropriate respondents was produced. The questionnaire was then presented in a 
Google forms format and distributed to the respondents online by emailing the questionnaire 
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links. Once each questionnaire had been completed by the respondents, there was a 
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confirmation message received which indicated that the questionnaire had been filled in 
appropriately. One hundred and sixty-eight questionnaires were received from the participants. 
6.9 INSTRUMENT OF DATA COLLECTION 
 
Burns and Groove (1993:368) describe a questionnaire as a self-report from which information 
is obtained which can be acquired through responses of the subject. Questionnaires were used 
in this study as a way of data collection (survey instrument). The questionnaire was structured 
to assess the material composition of waste, factors influencing waste generation, approaches 
to waste minimization, adverse effects of waste on the environment, and benefits of C&D waste 
management systems to the Nigerian construction industry. Additionally, the type of 
questionnaires used is close-ended-question. In close-ended questions, the participants were 
provided options related to the research scope, which had been decided by the researcher, but 
in an open–ended questionnaire, the participants are given the chance to provide more details 
as they wish by responding in their own written words (Burns & Groove, 1993:368). The 
research study used a close-ended questionnaire since it is easier to obtain trustworthy 
responses. 
The questionnaire was also designed in English since all the participants are professionals. In 
this study, a total number of 200 questionnaires were administered. 
The following are the six sections of the questionnaire. 
 
a) Section A: Background information. 
b) Section B: Material composition of C&D waste in the Nigerian construction industry. 
c) Section C: Factors influencing C&D waste generation in the Nigerian construction 
industry. 
d) Section D: Approaches to waste minimization in the Nigerian construction industry. 
e) Section E: Adverse effect of C&D waste on the environment. 
f) Section F: Benefits of C&D waste management systems to the Nigerian construction 
industry. 
Out of the 200 questionnaires that were sent out through Google Forms to various construction 
professionals in Nigeria, one hundred and sixty-eight (168) were filled in and returned, which 
represents an 84 per cent response rate. These form the basis of this research as shown in the 
table 6.1 below. This percentage was considered acceptable according to the statement by 
Moser and Kalton (1971) that the results of a survey can be considered as biased if the returns 
were lower than 40 per cent. In table 6.1 showing the questionnaire survey, the research data 
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that was collected underwent cleaning and screening before the commencement of the analysis. 
The analysis of the frequency for the raw data was performed with the use of Statistical Package 
for Social Sciences (SPSS) and Python. 
Table 6.1: Questionnaire survey 
 
Survey responses Respondents 
Questionnaires sent out 200 
Questionnaires received 168 
Useable questionnaires 168 
Useable response rate 84% 
Source: Compiled by author 
 
6.10 PERIOD OF DATA COLLECTION 
 
The data of this study was collected by the researcher in the months of May and July 2020. 
 
6.11 DATA ANALYSIS 
 
According to Neuman (2014), data analysis can be described as a practice, which involves the 
best way to convey orders, organization, and significance of the bulk of data collected in a vital 
research aspect. In this study, collected data were analysis using descriptive statistics 
techniques. An analytical approach is essential to analyze the study data and subsequently result 
in the research conclusions (Mofokeng, 2012). The data collected for this study was analyzed 
with the use of quantitative techniques, which were broken down into the following: 
6.11.1 Mean item score 
 
Mean item score (MIS) was used to present the findings for Likert scale questions in this study. 
The mean item score was calculated from the sum of all weighted responses on specific aspect. 
While selected standards deliberated collectively are the empirically decided indices of relative 
importance. However, the MIS index of a specific data is the sum of participants’ real scores 
(using 5-point Likert scale). Weighting was allocated to every answer starting from one to five 
for the responses of ‘To no extent to’, ‘To a very large extent’. 
This is shown mathematically below. The MIS index was calculated for every item as follows: 
 
MIS= 1n1 + 2n2 + 3n3 + 4n4 + 5n5 ................................. Equation 1.0 
∑N 
Where 
n1 = Number of respondents for ‘To no extent’ 
n2 = Number of respondents for ‘To a little extent’ 
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n3 = Number of respondents for ‘To a moderate extent’ 
n4 = Number of respondents for ‘To a large extent’ 
n5 = Number of respondents for ‘To a very large extent’ 
N = Total number of respondents 
After mathematical computations, the standards were ranked in descending order of their mean 
items scores from the highest to the lowest. 
6.11.2 Exploratory factors analysis (EFA) 
 
In this study, the EFA was done to collect information about the uni-dimensionality of the 
factors in order to yield their factor analyzability (Pallant, 2010). The EFA was used to confirm 
the reliability and validity of the assessment of factors influencing C&DW generation, C&DW 
waste management approaches implemented, adverse effect of waste and the benefits of 
C&DW management systems to the Nigerian construction industry. However, the maximum 
likelihood with an eigenvalue over one together with Oblimin rotation was specified as the 
analysis method for this research. The EFA was adopted using SPSS version 21. 
Factor analysis is dissimilar from other methods, such as regression. It is not scheduled to test 
a hypothesis to determine whether a group is essentially different from another. It takes a bigger 
group of variables and looks for a method through which the data may be minimized or reduced. 
This makes use of a smaller set of factors or components. It does this by looking for clumps or 
groups amongst the inter-correlations of set variables (Pallant, 2010). Factor analysis consists of 
two foremost methods such as exploratory and confirmatory. Exploratory factor analysis (EFA) 
is regularly adopted in the initial steps of research to obtain information about the 
interrelationships amongst a set of variables. 
Although occasionally, confirmatory factor analysis is a more composite as well as classy set  
of methods adopted later in the research procedure to test (confirm) hypothesis or theories 
regarding the structure underlying a set of variables. The words ‘factor analysis’ includes a 
diversity of different, even though related methods. One of the major differences is between 
what is called principal component analysis (PCA) and factor analysis (FA). In this research, 
an EFA was adopted, as the major aim of this research was to collect information about the 
interrelationship amongst variables set (Pallant, 2010). 
6.11.3 Validity 
 
When distributing the questionnaire and asking for the consent of the construction 
professionals, the researcher explained the research deliverables, and then left the 
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questionnaire, to be submitted later. This was done to protect the rights of the respondents. In 
order to make this study ethical, the rights to self-purpose, anonymity, confidentiality as well 
as knowledgeable consent were recognized. In addition, a written letter of authorization to carry 
out this research was gotten from the University of Johannesburg, Department of Construction 
Management and Quantity Surveying, Doornfontein campus and was attached to the 
questionnaire (see Appendix 1). 
6.11.4 Reliability 
 
After developing the content validity and preliminary data analysis, empirical and theoretical 
reliabilities tests were run. Scale reliability is the correlation between two scores starting from 
0 to 1.00 whereby the Cronbach’s alpha is the commonest form of internal consistency 
reliability coefficient. The commonly agreed upon lower limit for alpha is 0.70; however, 
values above 0.8 are preferable (Pallant, 2010). The adopted cut-off alpha for this study was 
0.70 and measures below 0.70 were eliminated. This is adopted because in Connelly’s (2011) 
study it was discovered that some of the scales was less than 0.7, hence the mean inter-item 
correlation was reported, and the suggested range for the inter-item correlation is 0.2- 0.4 
(Briggs & Cheek, 1988). 
The extraction method used for the data was the principal axis factoring. The data were grouped 
into two types of factor analysis, namely the first order factor analysis and second order factor 
analysis. For the first order factor, the rotation method used was Varimax rotation, and for the 
second order factor analysis, the Oblimin rotation method was used. However, the reliability 
tests were run to show that consistency in the results obtained from the data analysed. 
6.11.5 Non-parametric tests 
 
After EFA, the researcher then took further steps to test the hypothesis. The parametric tests 
make assumptions pertaining to the population from which the sample was drawn (Pallant, 
2010:213). The key assumptions this test looks at are additively and linearity, normality of 
something or other, homoscedasticity/homogeneity of variance and independence (Field, 
2013:165). For this study, normality assumption was adopted. Non-parametric tests do not 
make assumptions pertaining to the fundamental population distribution. They are ideal when 
small samples are used and do not meet the severe assumption of the parametric methods 
(Pallant, 2010:213). 
A significance value (p-value) indicates the probability of the null hypothesis being true. If the 
p-value is greater than 0.05, then there is a statistical difference, hence the null hypothesis is 
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accepted. Conversely, if the p-values ≥0.05, the null hypothesis is rejected since there is no 
statistical difference in the mean (McCormick et al., 2015:228). In this study, two hypotheses 
were formulated after the EFA. A hypothesis is used to predict the relationship between two or 
more variables. The two types of hypothesis are the null hypothesis (H0) and alternate 
hypothesis (H1). The null hypothesis does not have an effect on the study while the alternate 
hypothesis is the one in which the researcher is interested (McCormick et al., 2015:132): 
Hypothesis 1 
 
i. H0: There is no statistical difference in respondents’ use of quantities of waste generated 
in the Nigerian construction industry. 
ii. H1: There is a statistical difference in respondents’ use of quantities of waste generated 
in the Nigerian construction industry. 
Hypothesis 2 
i. H0: There is no statistical difference in respondents’ use of the statistic’s inferential 
comparison between the mean differences between waste quantities generated on site. 
ii. H1: Alternate hypothesis: There is a statistical difference in respondents’ use of the 
statistic’s inferential comparison between the mean differences between waste 
quantities generated on site. 
The hypothesis was formulated by the researcher with the intention of indicating the 
percentage volume of waste generated on sites, and the statistics inferential comparison 
between the mean differences between waste quantities generated on sites. 
6.11.6 Normality tests 
 
The sample size upsets a study’s findings where the result of lesser samples has too minor 
statistical power for the test to recognize important results (Hair et al., 1998). It can also be 
easily over-fitting to the study data in that they fit the sample appropriately but have no 
generalizability. The sample size that has more than 200-400 respondents, on the other hand, 
has disadvantages due to making the statistical tests overly sensitive as a result of the bigger 
94 statistical influence from the sample size (Hair et al 1998) which the data can incur non- 
normality. Moreover, the sample size for this study was small; the data collected was analyzed 
for normality to confirm its suitability by means of standard multivariate analysis. 
Normality of data can be inspected with the use of statistical approaches such as skewness and 
kurtosis, Kolmogorov-Smimov tests, graphical approaches such as histograms and box plots 
(Pallant, 2010). The variable’s frequency value distribution must approximate the bell-shaped 
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curve or a straight diagonal line to attain normality of the data (Field, 2013; Pallant 2010). The 
skewness and kurtosis were adopted for this study and it recognized that the data was non- 
normal. 
6.12 ETHICAL CONSIDERATIONS 
 
According to Homan (1991:148), ethical considerations are significant in the field of research 
studies for protecting and guaranteeing the integrity of the researcher. The current study did 
not encounter any ethical problems. However, the ethical considerations for this study 
considered the responsibilities to the professionals in the construction industry whose work had 
added to the literature, which was appropriately cited. The obligations to the construction 
professionals who participated in the research questionnaire were that their feedback was to be 
kept confidential and simply adopted for academic purposes. A written cover letter of approval 
to conduct this study was obtained from the University of Johannesburg, Department of 
Construction Management and Quantity Surveying, Doornfontein campus and it was attached 
to the questionnaires that were administered. 
However, anonymity which is a circumstance whereby the participants or respondents cannot 
be linked, even by the researchers, to their different responses, is vital (Burns & Grove, 1993). 
In this study, anonymity was guaranteed as indicated in the survey instrument in Appendix 1. 
Respondents were asked not to enter their names or contact details on the questionnaire. 
6.13 CONCLUSION 
 
This chapter has described the research methodology that was adopted for this study. It has 
outlined the population, sample, data collection instruments as well as strategies adopted to 
guarantee ethical standards and presents the reasons why questionnaires were adopted for the 
research. 








This chapter analyzes the retrieved data from respondents drawn from the total population, 
which include civil engineers, builders, project managers, quantity surveyors and architects in 
Nigeria. Data were collected through questionnaire survey and pro-forma. Descriptive 
statistics, exploratory factor analysis, non-parametric tests, and analysis of variance analytical 
tools among others were employed to analyze the retrieved data. Results will be presented in 
tables and figures while interpretation is based on the information from the tables and figures. 
7.2 SECTION A: RESULTS FROM DEMOGRAPHIC INFORMATION 
 
This section gives demographic information about the respondents used for this study. It 
includes their gender, academic and professional qualification, type of organization worked 
for, years of experience and number of construction projects executed. 
7.2.1 Respondents according to gender 
 
Out of the survey, data collected from 168 respondents were found appropriate for analysis in 
the questionnaire survey conducted. 73.8 per cent of the total population are males, only 25.0 
per cent of the respondents are female and 1.2 per cent prefer not to indicate their gender, as 
indicated below in figure 7.1. 
 
 
Figure 7.1: Respondents’ gender 
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7.2.2 Distribution of respondents according to profession 
 
As shown in figure 7.2 below, the respondents that participated in the questionnaire survey are 
27.4 per cent were civil engineers, 17.9 per cent were Builders, 22.6 per cent were Quantity 
Surveyors, 14.3 per cent were Project Managers, while 17.9 per cent were Architects. 
 
 
Figure 7.2: Respondents’ professions 
7.2.3 Distribution of categories of projects undertaken 
 
Figure 7.3 shows the category of projects undertaken by the respondents. 29.2 per cent of the 
projects undertaken were housing estates, 17.0 per cent were road, 12.5 per cent were 
government, 10.1 per cent were school, 4.5 per cent were shopping complex, 4.3 per cent were 
hospitals, 4.2 per cent were civil works, 3.5 per cent were stadia, 3.1 per cent were renovations, 
1.1 per cent other projects. 
 
Figure 7.3: Categories of projects 
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7.2.4 Distribution of respondents according to their involvement in C&D waste 
management 
 
As shown in figure 7.4 below, respondents that are involved in C&D waste management 
practices for the past two (2) years are shown. Thus, 83.9 per cent signifying (Yes), 8.9 per 
cent signify (No), while 7.2 per cent signify (Unsure). Although, all data collected were 
analysed regardless of this information. 
 
Figure 7.4: Respondents’ involvement in C&D waste management 
 
7.2.5 Distribution of respondents according to years of experience 
 
Based on the classification of the respondents’ years of experience in the construction industry, 
11.9 per cent have 1-5 years of experience, 21.4 per cent of the respondents have 6-10 years of 
experience while 20.2 per cent have 11-15 years of experience. Those who have 16-20 years 
of experience amount to 23.2 per cent of the respondents in this survey. Figure 7.4 reveals that 
only 10.7 per cent of the respondents for this survey indicated 21-25 years of experience while 
12.5 per cent of the respondents showed 20 years of experience in the Nigerian construction 
industry. This indicates that 16-20 years of experience is the most common experience bracket 
observed amongst the respondents, while the average number of years of experience is fifteen 




Figure7.5: Respondents’ years of experience 
7.2.6 Distribution of respondents’ according to highest educational qualification 
 
As shown in figure 7.6 below, 10.7 per cent of the respondents have a doctorate as their highest 
educational qualification, 33.3 per cent of the respondents possess a master’s degree, and 42.9 
per cent of the respondents have a bachelor’s degree while 13.1 per cent have a higher national 
diploma educational qualification respectively. Generally, a higher national diploma is the 
minimum requirement to be aware of road project estimations, this finding reveals that the 
majority of the respondents have an educational qualification above that which forms the 
minimum requirement to participate in this study. 
 
Figure 7.6: Respondents’ educational qualification 
7.2.7 Distribution of respondents according to organization currently worked for 
 
Analysis of data on the organization for which respondents currently work showed that 15.5 
per cent of the respondents work with the government, 17.9 per cent of the respondent’s work 
More than 25 years 
Respondents' years of experience 
20.5% 
21-25 years 10.7% 
16-20 years 23.2% 
11-15 years 20.2% 
6-10 years 21.4% 
1-5 years 11.9% 
0,00% 5,00% 10,00% 15,00% 20,00% 25,00% 
Respondents' qualification 
Higher national diploma 13.1% 
Bachelor Degree 42.9% 
Master Degree 33.3% 
Doctorate Degree 10.7% 
0,00% 5 ,00%   10,00% 15,00% 20,00% 25,00% 30,00% 35,00% 40,00% 45,00% 50,00% 
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in private organizations, while 31.0 per cent work in contracting firms. 36.6 per cent of the 
respondents work in consulting firms in Nigeria as shown in figure 7.7. The largest number of 
respondents work for consulting firms. 
 
Figure 7.7: Respondents’ organizations 
7.2.8 Distribution of respondents according to number of construction projects 
 
Vis-à-vis the classification of the number of construction projects in which the respondents 
have been involved in the pasts two years, Figure 7.8 shows that 19.0 per cent of the 
respondents were involved in more than 15 projects. 18.5 per cent of the respondents have 
executed 13-15 projects, while 16.1 per cent have executed 10-12 projects. In addition, 
respondents who have executed 7-9 projects amount to 17.9 per cent, 16.7 per cent have carried 









Private Organisation 17.9% 
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7.3 SECTION B: QUANTIFICATION OF CONSTRUCTION AND DEMOLITION 
WASTE MATERIALS IN NIGERIA 
This section shows the analysis of data retrieved from the respondents relating to the quantities 
of waste generated in the Nigerian construction industry. To quantify the amount of waste 
generated, the actual quantities of materials used were to be measured in either weight, volume 
or area accordingly. However, because on-site surveys were not carried out in this research, the 
body of the Nigerian Institution of Quantity Surveyors (NIQS) was consulted to provide data 
relating to quantity of waste generated in the various projects carried out. 
7.3.1 Mean item score 
 
The respondents’ ranking of their perceptions on the quantity of C&D waste generated in the 
Nigerian construction industry is detailed as follows: respondents were requested to indicate 
the rate of construction and demolition waste generated using a five-point scale: 1 = Very low, 
2 = Low, 3 = Average, 4 = High, and 5 = Very High. ‘Concrete’ was ranked the highest waste 
material generation in the Nigerian construction industry with a mean (MIS) of 4.28; a standard 
deviation (SD) of 0.754. Wood, which was ranked second among the waste materials had a 
mean (MIS) of 4.24 and a standard deviation (SD) of 0.650. Reinforcement was ranked third, 
with mean of 4.17 and standard deviation (SD) of 0.756; asbestos had a mean (MIS) of 4.10 
and a standard deviation (SD) of 0.654. 
Glass was ranked fifth with a mean (MIS) of 3.98 and a standard deviation (SD) of 0.660. 
Ranked sixth was asphalt with a mean (MIS) of 3.85 and a standard deviation (SD) of 0.674, 
ranked seventh was tile ceramics with a mean (MIS) of 3.84 and a standard deviation (SD) of 
0.745; ranked eighth was soil and stone with a mean (MIS) of 3.82 and a standard deviation 
(SD) of 0.700. 
Furthermore, ranked ninth was plastic and packaging materials with a mean (MIS) of 3.80 and 
a standard deviation of 0.630; ranked tenth was ‘Rubble’ with a mean (MIS) of 3.76 and a 
standard deviation of 0.658, while ranked eleventh was ‘Drywall’ with a mean (MIS) of 3.74 
and a standard deviation (SD) of 0.790; and ranked twelfth waste material generated was 
‘Bitumen’ with a mean (MIS) of 3.72 and a standard deviation (SD) of 0.766. 
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Table 7.1: C&DW generation rate in Nigeria 
 





Concrete 4.28 0.754 1 
Wood 4.24 0.650 2 
Reinforcement 4.17 0.756 3 
Asbestos 4.10 0.654 4 
Glass 3.98 0.660 5 
Asphalt 3.85 0.674 6 
Tile ceramics 3.84 0.745 7 
Soil and stone 3.82 0.700 8 
Plastic and packaging materials 3.80 0.630 9 
Rubbles 3.76 0.658 10 
Drywall 3.74 0.790 11 
Bitumen 3.72 0.766 12 
7.3.2 One-way ANOVA test for quantity of waste generated 
To calculate the C&D waste generation rate, first the quantities to be computed were deduced 
from the actual quantities used on construction sites. The balance represents the waste regarded 
as the theoretical quantities for the work done. However, this was done with the assistance of 
an experienced quantity surveyor. The data collected from the quantity surveyors was used to 
calculate the. mean values of waste quantities generated. The relationship between the actual 
waste quantities on-site and the theoretical quantities gained from the bill of quantity standards 
by the NIQS is explained in equation 1 below:  
𝐖𝐪 (𝐢𝐧 %) = 𝐐𝐚 𝐐𝐭 
 
Where: Wq = Percentage quantities of waste generated 
Qa = Actual quantities of waste generated on-site (in either volume, weight or area) 
Qt = Theoretical quantities of waste generated for the work done (in either volume, weight or 
area). 
One-way ANOVA analysis of variance at p-values ≥ 0.05 was employed to test the hypothesis 
of the quantity of waste generated the Nigerian construction industry. Table 7.2 shows the 
results of the test carried out on the twelve (12) recognized C&D waste types in the Nigerian 
construction industry. Results shows that 12.50 per cent of ’Concrete waste’ were generated 
which was the highest waste generated with p-values of 0.775; the second waste generated was 
’Wood’ with 12.36 per cent waste quantities generated and p-values of 0.678; ‘Reinforcement’ 
was third with 9.28 per cent waste quantities generated and p-values of 0.636. The fourth waste 
generation was ‘Asbestos’ with 8.66 per cent waste quantities generated and p-values of 0.540; 
the fifth waste generated was ‘Glass’ with 8.45 per cent waste quantities generated and 0.528; 
the sixth waste generated was ‘Asphalt’ with 8.24 per cent waste quantities generated and p- 
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values of 0.456; the seventh waste generated was ‘Tiles ceramics’ with 7.59 per cent waste 
quantities generated and p-values of 0.450. The eighth waste generated was ‘Soil and stone’ 
with 7.34 per cent waste quantities generated and p-values of 0.375; the ninth waste generated 
was ‘Plastic and packaging materials’ with 7.30 per cent waste quantities generated and p- 
values of 0.372. 
Furthermore, the tenth waste generated was ‘Rubble’ with 4.60 per cent waste quantities 
generated and p-values of 0.350; the eleventh waste generated is ‘Drywall’ with 4.45 per cent 
waste quantities generated and p-values of 0.220; the twelfth waste generated was ‘Bitumen’ 
with 4.40 percent waste quantities generated and p-values of 0.180. However, all the p-values 
are greater than 0.05 showing insignificant differences. This implies that the hypothesis was 
acceptable. 
Table 7.2: Results for waste quantities generated in Nigeria 
 
C&D WASTE MATERIALS TYPE Waste Generated 
(in %) 
Allowable 
Waste (in %) 
P-values 
Concrete 12.50 10.00 0.775 
Wood 12.35 10.00 0.678 
Asbestos 9.28 7.00 0.636 
Reinforcement 8.66 7.00 0.540 
Glass 8.45 7.00 0.528 
Asphalt 8.24 7.00 0.456 
Tile ceramics 7.59 5.00 0.450 
Soil and stone 7.34 5.00 0.375 
Plastic and packaging materials 7.30 5.00 0.372 
Rubble 4.60 2.00 0.350 
Drywall 4.45 2.00 0.220 
Bitumen 4.40 2.00 0.180 
Similarly, a T-test was conducted to show the statistics inferential comparison between the 
mean differences between waste quantities generated on site. Also, the allowable waste as 
estimated by the quantity surveyors’ professional society in Nigeria are detailed in table 7.2. 
above. In order to test this hypothesis, the T-test was used at p-values≥ 0.05. The test was 
carried out on each of the twelve (12) waste materials as recorded. The percentage of waste 
quantities generated was estimated using data collected from the respondents that are involved 
in waste management practices in the Nigerian construction industry (for this study, the 
responses from the quantity surveyors were considered). For the first hypothesis above the p- 
values was greater than 0.05, it implies that the null-hypothesis (Ho) is largely accepted. 
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Table 7.3: T-test showing statistical inferential comparison 
 




F-value Df P-value Decision 
Concrete 41 12.50 2.50 0.000 40 0.036 Rejected 
Wood 41 12.35 2.35 0.000 40 0.026 Rejected 
Asbestos 41 9.28 2.28 0.000 40 0.035 Rejected 
Reinforcement 41 8.66 1.66 0.000 40 0.020 Rejected 
Glass 41 8.45 1.45 0.000 40 0.020 Rejected 
Asphalt 41 8.24 1.24 0.000 40 0.042 Rejected 
Tile ceramics 41 7.59 2.59 0.000 40 0.034 Rejected 
Soil and stone 41 7.34 2.34 0.000 40 0.032 Rejected 
Plastic and packaging materials 41 7.30 2.30 0.000 40 0.028 Rejected 
Rubbles 41 4.60 2.60 0.000 40 0.020 Rejected 
Drywall 41 4.45 2.45 0.000 40 0.021 Rejected 
Bitumen 41 4.40 2.40 0.000 40 0.022 Rejected 
The results as shown in table 7.3 indicate the statistical inferential comparison between the 
mean difference of the quantity of waste generated on site and the allowable waste. In table 7.3 
above, the T-test results show that the p-value is less than 0.050 and likewise the f-value (0.000) 
is less than 0.050. This implies that the test was rejected for this second null-hypothesis (Ho) 
and consequently it is not evenly distributed. 
7.4 SECTION C: FACTORS INFLUENCING CONSTRUCTION AND 
DEMOLITION WASTE GENERATION IN NIGERIA 
This section shows the analysis of data retrieved from respondents relating to the factors 
influencing construction and demolition waste generation in the Nigerian construction 
industry. The results from descriptive statistics with Mann-Whitney U test carried out and the 
exploratory factor analysis conducted was detailed accordingly. 
7.4.1 Result from descriptive statistics with non-parametric test 
 
These results were obtained from the analysis of respondents’ perceptions of factors 
influencing C&D waste management generated in the Nigerian construction industry. Mann- 
Whitney U test was used to analyze the response of respondents concerning the various factors 
influencing the generation of C&D waste in the Nigerian construction industry. The results as 
presented in table 7.4 shows the mean item score ranking as well as the Mann-Whitney U test. 
The respondents ranked the factors using a five-point Likert scale where 1 = To No Extent 
(TNE); 2 = Small Extent (SE); 3 = Moderate Extent (ME); 4 = Large Extent (LE); and 5 = Very 
Large Extent (VLE). ‘Frequent changes in design’ was ranked first with a mean value of 4.27 
and standard deviation of 0.845, followed closely in second position by ‘Lack of on-site 
waste management plans’ with a mean value of 4.25, and standard deviation of 0.906
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‘Pressure on projects delivery time’ ranked third with a mean value of 3.83, Mann-Whitney U 
of 690.000 and asymp. Sig. value of 0.023. 
Furthermore, ‘Construction design detailing errors’ was ranked fourth by respondents with a 
mean value of 3.93, and standard deviation of 0.987 while ‘Error  in contract documents’, ‘Lack 
of site supervision’ and ‘Poor craftsmanship’ were both ranked fifth with a mean value of 3.79 
and standard deviation of 0.891, 0.725 and 0.866 respectively. The table shows further that 
both ‘Unclear or unsuitable specification’ and ‘errors in ordering of materials’ were ranked 
eighth with a mean value of 3.55 and standard deviation of 0.801 and 0.819 respectively. 
Equipment malfunction was ranked tenth with a mean value of 3.54 and standard deviation 
of 0.829; ‘Poor coordination and communication’ and ‘Inefficient methods of unloading 
materials’ took the eleventh position with a mean value of 3.33 and standard deviation of 0.827 
and 0.819 respectively. In the thirteenth position was ‘Improper storage methods’ with a mean 
value of 3.32 and standard deviation of 0.808. 
‘Bad weather conditions’ ranked fourteenth according to the opinion of the respondents with 
a mean value of 3.30 and standard deviation of 0.798; ‘Suppliers’ errors’ was ranked fifteenth 
with a mean value of 3.25, and standard deviation of 0.879; ‘Poor on-site transportation 
methods’ came sixteenth with a mean value of 3.18, and standard deviation of 0.756 and 0.884 
respectively. ‘Over allowance errors’ ranked as the seventeenth factor with a mean value of 3.17 
and standard deviation of 0.846; while ‘Long distance between storage of materials and point 
of application’ and ‘Accidents due to negligence’ ranked eighteenth with a mean value of 3.15 
and standard deviation of 0.846 and 0.929 respectively. ‘Damages caused during  
transportation’ ranked twentieth with a mean value of 3.44, and standard deviation of 0.946. 
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Table: 7.4: Factors influencing C&DW generation in Nigeria 
 
FACTORS INFLUENCING CONSTRUCTION 







Frequent changes in design 4.27 0.845 1 
Lack of on-site waste management plans 4.25 0.906 2 
Pressure on project delivery period 3.98 0.756 3 
Construction design detailing errors 3.92 0.987 4 
Lack of site supervision 3.79 0.891 5 
Poor craftsmanship 3.79 0.725 5 
Errors in contract documents 3.79 0.866 5 
Unclear or unsuitable specifications 3.55 0.801 8 
Errors in ordering of materials 3.55 0.819 8 
Equipment malfunction 3.54 0.829 10 
  Poor coordination and communication 3.33 0.827 11 
Inefficient methods of unloading materials 3.33 0.819 11 
Improper storage methods 3.32 0.808 13 
Bad weather conditions 3.30 0.798 14 
Suppliers’ errors 3.25 0.879 15 
Poor on-site transportation methods 3.18 0.756 16 
Over allowance errors 3.17 0.884 17 
Long distance between storage of materials and point 
of application 
3.15 0.846 18 
Accidents due to negligence 3.15 0.929 18 
Damages caused during transportation 3.07 0.946 20 
7.4.2 Results from exploratory factor analysis (EFA) 
 
The 20 carefully chosen factors were subjected to an exploratory factor analysis (EFA) using 
SPSS version 25. To carry out the EFA, the correlation matrix of obtained data was inspected 
in order to ascertain its suitability. The coefficient values above 0.3 are suitable for factor 
analysis. The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was used to establish 
the level of adequacies in the distribution of values before EFA proceeds. A data distribution 
measure 0.6 is acceptable for the EFA (Pallant, 2011). The KMO value of 0.867 in table 7.5 is 
above the acceptable value of 0.6 and in the Bartlett’s test of sphericity, a significant level less 
than 0.05 proves that statistical significance exists in the variables, therefore, they are 
factorable. The correlation matrix table showed that there is a correlation coefficient, greater 
than 0.3, which supports the KMO and Bartlett’s test for the factorability of the data sets. 
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Table 7.5: KMO measure and Bartlett's Test 
 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .867 




7.4.2.1 Communalities of the variables 
 
From table 7.6 below, the variables’ communalities can be evaluated. The variable 
communalities show the measure of each variable’s variance that can be described 
quantitatively by the factors identified. The communalities table reveals the initial and 
extraction values, where a high extraction value shows that grouped factors can be relied upon. 
The extraction values were higher than 0.3, this indicate that the variables can be fitted into 
their respective components without any variance in the variables. 
Table 7.6: Communalities 
 
Initial Extraction 
Frequent changes in design 0.330 0.363 
Lack of on-site waste management plans 0.367 0.375 
Pressure on project delivery period 0.384 0.387 
Construction design detail errors 0.404 0.520 
Lack of site supervision 0.366 0.445 
Poor craftsmanship 0.415 0.453 
Errors in contract documents 0.445 0.652 
Unclear or unsuitable specifications 0.499 0.565 
Error in ordering materials 0.388 0.387 
Equipment malfunction 0.560 0.574 
Poor coordination and communication 0.525 0.699 
Inefficient methods of unloading materials 0.454 0.395 
Improper storage methods 0.543 0.612 
Bad weather conditions 0.602 0.630 
Suppliers’ errors 0.571 0.588 
Poor on-site transportation methods 0.506 0.542 
Over allowance errors 0.575 0.639 
Long distance between storage of materials and point of application 0.478 0.434 
Accidents due to negligence 0.486 0.489 
Damages caused during transportation 0.595 0.650 
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7.4.2.2 Component correlation matrix 
 
The component correlation matrix to indicate values above 0.3 is presented in figure 7.8. The 
KMO was used to indicate the total variance of the variables. However, only eigenvalues above 
1.0 were considered and the first five components meet the criteria under the initial 
eigenvalues’ total column. Table 7.7 shows these five components explaining a cumulative 
percentage of 63.043 of the variables. 
Table 7.7: Total Variance Explained 
 
Initial Eigenvalues Extraction Sums of Squared 
Loadings 











Total % of 
Variance 
Cumulative % 
1 6.899 34.495 34.495 6.429 32.143 32.143 2.601 13.005 13.005 
2 1.807 9.035 43.529 1.378 6.890 39.033 2.320 11.602 24.607 
3 1.440 7.201 50.730 .949 4.745 43.777 1.922 9.611 34.218 
4 1.293 6.466 57.196 .853 4.264 48.041 1.783 8.915 43.133 
5 1.169 5.846 63.043 .689 3.443 51.484 1.670 8.351 51.484 
6 .962 4.808 67.851       
7 .764 3.821 71.672       
8 .700 3.502 75.174       
9 .643 3.213 78.387       
10 .570 2.850 81.237       
11 .567 2.834 84.071       
12 .508 2.538 86.609       
13 .464 2.321 88.929       
14 .408 2.041 90.970       
15 .398 1.992 92.962       
16 .346 1.732 94.694       
17 .292 1.461 96.155       
18 .277 1.386 97.541       
19 .262 1.308 98.849       
20 .230 1.151 100.000       
Extraction Method: Principal Component Analysis 
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Table 7.8: Component correlation matrix 
 
 B7.1 B7.2 B7.3 B7.4 B7.5 B7.6 B7.7 B7.8 B7.9 B7.10 B7.11 B7.12 B7.13 B7.14 B7.15 B7.16 B7.17 B7.18 B7.19 B7.20 
B7.1 1.000 0.324 0.235 0.224 -0.015 0.255 0.178 0.268 0.198 0.440 0.350 0.201 0.155 0.187 0.212 0.063 0.261 0.329 0.359 0.388 
B7.2 0.324 1.000 0.382 0.200 0.070 0.307 0.231 0.229 0.265 0.301 0.397 0.192 0.111 0.183 0.256 0.183 0.237 0.199 0.300 0.410 
B7.3 0.235 0.383 1.000 0.440 0.510 0.274 0.148 0.254 0.338 0.326 0.199 0.292 0.280 0.269 0.218 0.209 0.248 0.235 0.282 0.269 
B7.4 0.224 0.200 0.440 1.000 0.310 0.295 0.181 0.340 0.389 0.379 0.076 0.209 0.183 0.303 0.139 0.181 0.318 0.377 0.335 0.367 
B7.5 -0.015 0.070 0.351 0.310 1.000 0.367 0.271 0.215 0.275 0.209 0.167 0.278 0.274 0.251 0.228 0.200 0.075 0.224 0.237 0.059 
B7.6 0.255 0.307 0.274 0.295 0.367 1.000 0.487 0.471 0.348 0.361 0.303 0.272 0.253 0.240 0.258 0.274 0.266 0.216 0.356 0.353 
B7.7 0.178 0.231 0.148 0.181 0.271 0.487 1.000 0.560 0.312 0.364 0.193 0.246 0.125 0.109 0.171 0.142 0.193 0.220 0.358 0.292 
B7.8 0.260 0.229 0.351 0.340 0.215 0.471 0.560 1.000 0.395 0.408 0.221 0.240 0.207 0.261 0.285 0.353 0.367 0.367 0.444 0.459 
B7.9 0.198 0.265 0.274 0.389 0.275 0.348 0.312 0.395 1.000 0.512 0.300 0.275 0.292 0.337 0.250 0.242 0.314 0.370 0.425 0.351 
B7.10 0.440 0.301 0.148 0.379 0.209 0.361 0.364 0.408 0.512 1.000 0.475 0.345 0.282 0.361 0.302 0.251 0.401 0.437 0.571 0.547 
B7.11 0.350 0.397 0.254 0.076 0.167 0.303 0.193 0.221 0.300 0.475 1.000 0.524 0.410 0.376 0.418 0.205 0.221 0.206 0.319 0.412 
B7.12 0.201 0.197 0.338 0.209 0.278 0.272 0.246 0.240 0.275 0.345 0.524 1.000 0.525 0.385 0.332 0.288 0.288 0.309 0.287 0.323 
B7.13 0.155 0.111 0.326 0.183 0.274 0.253 0.125 0.207 0.292 0.282 0.410 0.525 1.000 0.604 0.538 0.408 0.220 0.231 0.272 0.205 
B7.14 0.187 0.183 0.199 0.303 0.251 0.240 0.109 0.261 0.337 0.361 0.376 0.385 0.604 1.000 0.681 0.458 0.342 0.295 0.311 0.423 
B7.15 0.212 0.256 0.292 0.139 0.228 0.258 0.171 0.285 0.250 0.302 0.418 0.332 0.538 0.681 1.000 0.482 0.333 0.244 0.310 0.425 
B7.16 0.063 0.183 0.280 0.181 0.200 0.274 0.442 0.353 0.242 0.251 0.205 0.288 0.408 0.458 0.482 1.000 0.563 0.238 0.281 0.356 
B7.17 0.261 0.237 0.369 0.318 0.025 0.266 0.193 0.367 0.314 0.401 0.221 0.288 0.220 0.342 0.333 0.563 1.000 0.540 0.404 0.567 
B7.18 0.329 0.199 0.235 0.377 0.224 0.276 0.220 0367 0.370 0.437 0.206 0.309 0.231 0.295 0.244 0.238 0.540 1.000 0.515 0.447 
B7.19 0.359 0.300 0.282 0.335 0.237 0.356 0.388 0.444 0.425 0.571 0.319 0.287 0.272 0.311 0.310 0.281 0.404 0.515 1.000 0.529 
B7.20 0.388 0.410 0.269 0.367 0.059 0.353 0.292 0.459 0.351 0.547 0.412 0.323 0.205 0.423 0.425 0.356 0.567 0.447 0.529 1.000 
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7.4.2.3 Pattern Matrixa 
 
The scree plot shows the break down after the first factor. The steep slope displays the large factor 
whereas the gradual trailing off reveals the rest of the factors that have an eigenvalue lower than one 
(1). Two clusters of factors are positioned on the slope and they were retained. Also, table 7.9 below 
indicates the pattern matrix which displays the factors loadings of each of the variables. The highest 
and lowest loading items on the factors were shown. 
Table 7.9: Pattern Matrixa 
 
1 2 3 4 5 
Improper storage methods 0.742     
Bad weather conditions 0.701     
Suppliers’ errors 0.690     
Poor on-site transportation methods 0.508     
Inefficient methods of unloading materials 0.485     
Poor coordination and communication 0.486     
Equipment malfunction  0.567    
Frequent changes in design  0.561    
Lack of on-site waste management plans  0.456    
Accidents due to negligence  0.423    
Errors in contract documents   0.721   
Damages caused during transportation   0.533   
Long distance between storage of materials and point of 
application 
  0.456   
Over allowance errors    0.779  
Unclear or unsuitable specifications    0.597  
Poor craftsmanship    0.547  
Construction design detail errors     0.636 
Pressure on project delivery period     0.536 
Lack of site supervision     0.505 
Error in ordering materials     0.401 
Extraction Method: Principal Axis Factoring. 
Rotation Method: Varimax with Kaiser Normalization.a 
a. Rotation converged in 9 iterations. 
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7.4.2.4 Scree Plot 
 
The Scree plot indicate the five components before the break in the steep slope. “The five components 
before the break in the steep slope indicate the clusters to be interpreted for this factor analysis which 
will be subjected to direct Varimax rotation. The choice of direct Varimax rotation was because of 
the correlation of the 20 variables with each other. Thus, the direct Varimax rotation resulted in the 
pattern matrix shown in Table 7.10. This explains the variable classifications under each cluster of 
the five (5) components recognized jointly in the total variance explained and scree plot shown in 
figure 7.9. 
 
Figure 7.9: Scree plot-1 
7.4.3 FACTOR CLUSTER DESCRIPTION 
 
According to the results from Table 7.9 showing the pattern matrix, the twenty (20) variables were 
factored into five (5) clusters, which are interpreted according to the observed inherent relationship 
that exists among the variables in the cluster. 
Factor 1: Poor coordination and communication 
 
Six (6) variables were loaded onto cluster 1 as shown in Table 7.14. These variables include ‘Over 
allowance errors’ (94.7 per cent), ‘Suppliers’ error’ (93.0 per cent), ‘Bad weather conditions’ (91.0  
per cent), ‘Improper storage methods’ (88.9 per cent), ‘Inefficient methods of unloading materials’ 
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(86.6 per cent), and ‘Poor coordination and communication’(84.1 per cent), All these variables can 
be observed to relate to waste generation during the project coordination and communication 
networking throughout the construction projects. This factor cluster can therefore be termed as 
‘Project coordination and communication’. This cluster has a total variance of 59.567%, which made 
it the critical factor affecting C&D waste generation in the Nigerian construction industry. 
Factor 2: Inadequate planning and design 
 
In the second (2nd) cluster, there were four (4) variables loaded onto it. These variables include 
‘Accident due to negligence’ (98.8 per cent), ‘Equipment malfunction’ (81.2 per cent), ‘Lack of on- 
site waste management plans’ (43.5 per cent), and ‘Frequent changes in design’ (34.5 per cent). All 
these variables can be observed to relate to waste generation during both the planning, design and 
execution phases of the construction projects. This cluster is therefore labelled ‘Inadequate planning 
and design’. Thus, the total variance of 12.803%, this cluster was ranked as a factor affecting the 
generation of C&D waste generation in the Nigerian construction industry behind the variables in 
cluster 1. 
Factor 3: Inappropriate material transportation and storage 
 
The third (3rd) cluster consists of three (3) variables, which are ‘Poor on-site method of 
transportation’ (69.5 per cent), ‘Damage caused during transportation’ (60.3 per cent), and ‘Long 
distances between storage of materials and point of application’ (57.3 per cent). All these factors 
relate to the cluster labelled: ‘Inappropriate material transportation and storage’. This cluster has a 
total variance of 11.260%, which makes it the third ranked classification of factors affecting the 
C&DW generation in the Nigerian construction industry. 
Factor 4: Inefficient procurement and contractual agreement 
 
In the fourth (4th) cluster, there are three (3) variables loaded onto it. These are ‘Errors in contract 
documents’ (69.5 percent), ‘Unclear or unsuitable specifications’ (60.3 percent), and ‘Poor 
craftsmanship’ (57.4 percent). All these factors relate to cluster labelled: ‘Inefficient procurement 
and contractual’. This cluster had a total variance of 9.758%, which makes it the fourth (4th) ranked 
classification of factors affecting C&D waste generation in the Nigerian construction industry. 
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Factor 5: Poor project execution and supervision 
 
In the last cluster which is the fifth (5th), four (4) variables are loaded onto it which are ‘Construction 
design detail errors’ (76.5 per cent), ‘Pressure on project delivery period’ (74.3 per cent), and ‘Lack 
of site supervision’ (69.3 per cent) and ‘Error in ordering materials’ (68.4 percent). All these factors 
relate to cluster labelled: ‘Poor project execution and supervision’. This cluster had a total variance 
of 6.613%, which makes it the lowest ranked classification of factors affecting C&DW generation in 
the Nigerian construction industry. 
7.4.3.1 Clusters component correlation Matrix 
 
Table 7.10 below shows the relationship between the cluster groups in the component correlation 
matrix such that all the clusters correlate with others by having values than 0.3. This is an indication 
that there is strong relationship between all the clusters. 
Table 7.10: Component correlation matrix (2nd order factoring) 
 
1 2 3 4 5 
Component Correlation 
Matrix 
1 1.000 0.497 0.527 0.390 0.436 
2 0.497 1.000 0.658 0.526 0.503 
3 0.527 0.658 1.000 0.468 0.446 
4 0.390 0.526 0.468 1.000 0.473 
5 0.436 0.503 0.446 0.473 1.000 
7.4.3.2 Reliability test 
 
In addition, a reliability test was carried out on the variable clusters as shown in Table 7.11, which 
indicated that the variables measured are valid for the cluster they belong to. 
Table 7.11: Reliability of factors clusters 
 
Factor Clusters Cronbach’s Alpha Coefficient 
Poor project coordination and communication 0.885 
Inadequate planning and design 0.880 
Inappropriate material transportation and storage 0.792 
Ineffective procurement and contractual agreement 0.790 
Poor project execution and supervision 0.788 
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7.5 SECTION D: CONSTRUCTION AND DEMOLITION WASTE MANAGEMENT 
APPROACHES IMPLEMENTED IN NIGERIA 
This section shows the results of the questions from Section D of the questionnaire, which shows the 
C&D waste management approaches implemented in the Nigerian construction industry. The mean 
items score of the variables and exploratory factor analysis results are presented. In addition, the 
results of all the descriptive analysis show the ranking of every approach in descending order. The 
descriptive analysis table also shows the individual mean scores as well as the standard deviation of 
each of the management approaches. The approaches were ranked according to their implementation 
in the Nigerian construction industry. 
7.5.1 Mean item score 
 
The respondents’ ranking of their perceptions on the C&D waste management approaches used in 
the Nigerian construction industry is detailed. The respondents were requested to indicate the extent 
to which each construction and demolition waste minimization approach was used, using a five-point 
scale: 1 = To no extent, 2 = Small extent, 3 = Moderate extent, 4 = Large extent, and 5 = Very large 
extent. ‘Re-use of materials as backfills’ was ranked highest with a mean of 4.24; standard deviation 
of 0.837. The second-ranked challenge was the ‘Off-site preparation, pre-assembly and 
prefabrication’ with a mean of 4.05 and a standard deviation of 0.904; ‘Provision of detailed 
information on drawings’ was ranked third with a mean of 3.83 and a standard deviation of 0.680; 
ranked fourth was ‘BIM Implementation’ with a mean of 3.82 and a standard deviation 1.019. Fifth 
ranked was ‘Avoiding frequent design changes’ with a mean of 3.74 and a standard deviation of 
0.791; ranked sixth was ‘Reduction of waste at the material source’ with a mean of 3.73 and a 
standard deviation 0.723. 
‘Provision for off-site construction in the design phase’ was ranked seventh with a mean of 3.72 and 
a standard deviation of 0.966; ranked eighth was ‘Improving the on-site waste management plan’ 
with a mean of 3.70 and a standard deviation of 0.801. The ninth-ranked C&D waste minimization 
approach used in the Nigerian construction industry was ‘Use of standard dimension and sizes in 
design’ with a mean of 3.68 and a standard deviation of 0.814; ranked tenth was ‘Appropriate 
specifications on reusable, reclaimable and recycled materials’ with a mean of 3.63 and a standard 
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deviation of 0.919. While ranked eleventh was ‘Complete and unambiguous contract documents’ 
with a mean of 3.62 and a standard deviation of 0.727; ranked twelfth was ‘On-site sorting of 
materials’ with a mean of 3.61 and a standard deviation of 0.726. ‘Provision for off-site construction 
in the design phase’ was ranked thirteenth with a mean of 3.58 and a standard deviation of 0.808; 
‘Avoidance of late drawings, revisions and submissions’ ranked fourteenth with a mean of 3.54 and  
a standard deviation of 0.788; ‘Provision for deconstruction and disassembly in the design Phase’ 
ranked fifteenth with a mean of 3.43 and a standard deviation of 0.859. 
‘Provision for material optimization in the design phase’ is ranked sixteenth with a mean of 3.40 and 
standard deviation of 0.786; ‘Establishment of waste separation and collection techniques’ was 
ranked seventeenth with a mean of 3.35 and a standard deviation of 0.882. ‘Government intervention 
through landfill tax’ and ‘Provision for waste efficient procurement in the design phase’ with a mean 
of 3.32 and a standard deviation of 0.949 and 0.843 respectively while the lowest ranked ‘Adding 
waste minimization in contractual clauses’ with a mean of 3.26 and a standard deviation of 0.929 
ranked twentieth. Table 7.12 shows the descriptive statistics of C&DW management approaches 
implemented in the Nigerian construction industry. 
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Table 7.12: Descriptive statistics 
 
CONSTRUCTION AND DEMOLITION WASTE 






Re-use of materials as backfills 4.24 0.837 1 
Off-site preparation, pre-assembly and prefabrication 4.05 0.904 2 
Provision of detailed information on drawings 3.83 0.608 3 
BIM Implementation 3.82 1.019 4 
Avoiding frequent design changes 3.74 0.791 5 
Reduction of waste at the material source 3.73 0.723 6 
Provision for off-site construction in the design phase 3.72 0.966 7 
Improving the on-site waste management plan 3.70 0.801 8 
Use of standard dimension and sizes in design 3.68 0.814 9 
Appropriate specifications on reusable, reclaimable and recycled 
materials 
3.63 0.919 10 
Complete and unambiguous contract documents 3.62 0.727 11 
On-site sorting of materials 3.61 0.726 12 
Provision for off-site construction in the design phase 3.58 0.808 13 
Avoidance of late drawings, revisions and submissions 3.54 0.788 14 
Provision for deconstruction and disassembly in the design Phase 3.43 0.859 15 
Provision for material optimization in the design phase 3.40 0.726 16 
Establishment of waste separation and collection techniques 3.35 0.882 17 
Government intervention through landfill tax 3.32 0.843 18 
Provision for waste efficient procurement in the design phase 3.32 0.949 18 
Adding waste minimization in contractual clauses 3.26 0.929 20 
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7.5.2 Results from exploratory factor analysis (EFA) 
 
The 20 selected approaches were subjected to an exploratory factor analysis (EFA) using SPSS 
version 25. To carry out the EFA, the suitability of data was done by inspecting the correlation matrix 
to indicate the coefficient value of 0.4 and above which was suitable for factor analysis. The Kaiser- 
Meyer-Olkin (KMO) measure of sampling adequacy is used to show the adequacy of the distribution 
of values is in order to proceed with EFA. A data distribution measure 0.6 is acceptable for the EFA 
(Pallant, 2011). Table 7.13 shows that the KMO value is 0.927, which is above the acceptable 0.6 
while the Bartlett’s test of sphericity revealed that there is a statistical significance in the variables 
with value (0.000) less than 0.050 which makes them factorable. The correlation matrix table showed 
that there is a correlation coefficient >0.3 which supports the KMO and Bartlett’s test for the 
factorability of the data sets. 
Table 7.13: KMO measure and Bartlett’s test 
 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.927 




7.5.2.1 Communalities of the variables 
 
From the table 7.14 below, the communalities of the variables were determined, and their extraction 
value was less than 0.3. This is an indication that all the variables fitted in their respective component 
without any variance in the variables. Therefore, because of no low extraction values, the grouped 
factors can be relied upon. Figure 7.15 explains the component correlation matrix. 
Table 7.14: Communalities 
 
Initial Extraction 
Provision of detailed information on drawings 0.574 0.516 
Off-site preparation, pre-assembly and prefabrication 0.659 0.517 
Government intervention through landfill tax 0.488 0.408 
Use of standard dimension and sizes in design 0.461 0.519 
Creating awareness among contractors 0.641 0.585 
Avoiding frequent design changes 0.640 0.619 
Establishment of waste separation and collection techniques 0.662 0.723 
Appropriate specifications on reusable, reclaimable and recycled materials 0.657 0.656 
Provision for deconstruction and disassembly in the design phase 0.592 0.601 
BIM Implementation 0.668 0.618 
Avoidance of late drawings, revisions and submissions 0.612 0.488 
Adding waste minimization in contractual clauses 0.726 0.677 
Improving the on-site waste management plan 0.682 0.699 
Provision for waste efficient procurement in the design phase 0.662 0.600 
Reduction of waste at the material source 0.731 0.709 
Re-use of materials as backfills 0.533 0.449 
Provision for off-site construction in the design phase 0.669 0.638 
On-site sorting of materials 0.534 0.538 
Provision for material optimization in the design phase 0.638 0.581 
Complete and unambiguous contract documents 0.403 0.343 
 
 
Table 7.15: Component correlation matrix 
 
 C9.1 C9.2 C9.3 C9.4 C9.5 C9.6 C9.7 C9.8 C9.9 C9.10 C9.11 C9.12 C9.13 C9.14 C9.15 C9.16 C9.17 C9.18 C9.19 C9.20 
C9.1 1.000 0.569 0.360 0.465 0.372 0.530 0.286 0.322 0.319 0.465 0.449 0.390 0.282 0.324 0.551 0.314 0.411 0.473 0.386 0.364 
C9.2 0.569 1.000 0.483 0.422 0.490 0.472 0.495 0.557 0.556 0.622 0.320 0.540 0.485 0.488 0.581 0.442 0.552 0.351 0.512 0.371 
C9.3 0.360 0.483 1.000 0.241 0.495 0.454 0.499 0.457 0.470 0.625 0.379 0.492 0.495 0.442 0.449 0.362 0.522 0.337 0.357 0.210 
C9.4 0.465 0.422 0.241 1.000 0.484 0.520 0.322 0.321 0.235 0.347 0.301 0.331 0.192 0.248 0.236 0.213 0.349 0.393 0.419 0.344 
C9.5 0.372 0.490 0.495 0.484 1.000 0.641 0.634 0.539 0.508 0.552 0.484 0.600 0.517 0.561 0.457 0.437 0.553 0.511 0.559 0.284 
C9.6 0.530 0.472 0.454 0.520 0.641 1.000 0.577 0.542 0.450 0.579 0.479 0.508 0.500 0.405 0.502 0.350 0.523 0.477 0.496 0.383 
C9.7 0.286 0.495 0.499 0.322 0.634 0.577 1.000 0.682 0.654 0.598 0.487 0.601 0.612 0.559 0.421 0.461 0.571 0.344 0.510 0.288 
C9.8 0.322 0.557 0.457 0.321 0.539 0.542 0.682 1.000 0.682 0.541 0.451 0.483 0.574 0.502 0.396 0.460 0.537 0.302 0.510 0.296 
C9.9 0.319 0.556 0.470 0.235 0.508 0.450 0.654 0.682 1.000 0.564 0.420 0.528 0.528 0.550 0.462 0.401 0.501 0.285 0.480 0.311 
C9.10 0.465 0.622 0.625 0.347 0.552 0.579 0.598 0.541 0.564 1.000 0.543 0.569 0.534 0.523 0.540 0.510 0.671 0.468 0.544 0.444 
C9.11 0.449 0.320 0.379 0.301 0.484 0.479 0.487 0.451 0.420 0.543 1.000 0.603 0.523 0.521 0.503 0.398 0.625 0.541 0.482 0.439 
C9.12 0.390 0.540 0.492 0.331 0.600 0.508 0.601 0.483 0.528 0.569 0.603 1.000 0.715 0.721 0.622 0.505 0.588 0.434 0.661 0.395 
C9.13 0.282 0.485 0.495 0.192 0.517 0.500 0.612 0.574 0.528 0.534 0.523 0.715 1.000 0.622 0.644 0.582 0.588 0.426 0.559 0.335 
C9.14 0.324 0.488 0.442 0.248 0.561 0.405 0.559 0.502 0.550 0.523 0.521 0.721 0.622 1.000 0.646 0.414 0.530 0.403 0.618 0.353 
C9.15 0.551 0.581 0.449 0.236 0.457 0.502 0.421 0.396 0.462 0.540 0.503 0.622 0.644 0.646 1.000 0.586 0.601 0.569 0.592 0.410 
C9.16 0.314 0.442 0.362 0.213 0.437 0.350 0.461 0.460 0.401 0.510 0.398 0.505 0.582 0.414 0.586 1.000 0.603 0.454 0.492 0.308 
C9.17 0.411 0.552 0.522 0.349 0.553 0.523 0.571 0.537 0.501 0.671 0.625 0.588 0.588 0.530 0.601 0.603 1.000 0.551 0.615 0.443 
C9.18 0.473 0.351 0.337 0.393 0.511 0.477 0.344 0.302 0.285 0.468 0.541 0.434 0.426 0.403 0.569 0.454 0.551 1.000 0.498 0.423 
C9.19 0.386 0.512 0.357 0.419 0.559 0.496 0.510 0.510 0.480 0.544 0.482 0.661 0.559 0.618 0.592 0.492 0.615 0.498 1.000 0.539 













7.5.2.2 Total variance explained of the variables 
 
The Kaiser’s criterion was used to indicate the total variance of the variables. However, only 
eigenvalues above 1.0 were considered and the first three components meet up with the criteria under 
the initial eigenvalues’ total column. A cumulative percentage of 63.671 of the variables was 
explained by the three components. 
Table 7.16: Total Variance Explained 
 
Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared Loadings 












1 10.134 50.670 50.670 9.725 48.626 48.626 4.355 21.777 21.777 
2 1.423 17.115 57.785 .984 4.922 53.547 4.263 21.313 43.091 
3 1.177 15.885 63.671 .773 3.867 57.414 2.865 14.323 57.414 
4 .881 4.403 68.074       
5 .799 3.997 72.070       
6 .719 3.596 75.666       
7 .682 3.412 79.078       
8 .584 2.921 81.999       
9 .472 2.362 84.361       
10 .459 2.294 86.656       
11 .367 1.836 88.491       
12 .346 1.730 90.221       
13 .319 1.593 91.815       
14 .294 1.471 93.285       
15 .284 1.418 94.704       
16 .276 1.379 96.083       
17 .266 1.332 97.415       
18 .194 .969 98.385       
19 .186 .930 99.315       
20 .137 .685 100.000       
Extraction Method: Principal Component Analysis 
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7.5.2.3 Pattern Matrixa 
 
The scree plot in figure 7.10 (see section 7.5.2.4) shows the break down after the first factor. The 
steep slope displays the large factor whereas the gradual trailing off reveals the rest of the factors that 
have an eigenvalue lower than one (1). Two clusters of factors are positioned on the slope and they 
were retained. In addition, table 7.17 below indicates the pattern matrix, which displays the factors 
loadings of each of the variables. The highest loading items on the factors were shown. 
Table 7.17: Pattern Matrixa 
 
1 2 3 
Establishment of waste separation and collection techniques 0.780   
Appropriate specifications on reusable, reclaimable and 
recycled materials 
0.744   
Provision for deconstruction and disassembly in the design 
Phase 
0.703   
Creating awareness among contractors 0.551   
BIM Implementation 0.524   
Government intervention through landfill tax 0.502   
Off-site preparation, pre-assembly and prefabrication 0.471   
Reduction of waste at the material source  0.753  
Improving the on-site waste management plan  0.636  
Adding waste minimization in contractual clauses  0.629  
Provision for waste efficient procurement in the design phase  0.596  
Provision for off-site construction in the design phase  0.572  
Provision for material optimization in the design phase  0.562  
Re-use of materials as backfills  0.551  
On-site sorting of materials  0.531  
Avoidance of late drawings, revisions and submissions  0.528  
Complete and unambiguous contract documents  0.410  
Use of standard dimension and sizes in design   0.688 
Provision of detailed information on drawings   0.630 
Avoiding frequent design changes   0.588 
Extraction Method: Principal Axis Factoring. Rotation Method: Varimax with Kaiser Normalization.a 
a. Rotation converged in 10 iterations 
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7.5.2.4 The Scree plot 
 
The three components, “before the break in the steep slope as shown in figure 7.10 below are the 
clusters to be interpreted for this factor analysis, which will be subjected to direct Oblimin rotation. 
The choice of direct Oblimin rotation was because of the correlation of the 20 variables with each 
other. The direct Oblimin rotation resulted in the pattern matrices”. This discloses the variables 
classifications under each cluster of the three (3) components recognized jointly in the total variance 
explained and scree plot. 
 
Figure 7.10: Scree plot 2 
 
7.5.3 FACTOR CLUSTER DESCRIPTION 
 
According to the results from Table 7.17 (see Section 7.5.2.3) showing the rotation matrices, the 
twenty (20) variables were factored into three (3) clusters, which are interpreted as follows based on 
the observed inherent relationship that exists among the variables in the cluster. 
Factor 1: Legal framework and modular construction 
 
Seven (7) variables were loaded onto cluster 1 as shown in Table 7.17 These variables include 
‘Establishment of waste separation and collection techniques’ (94.7 percent), ‘Appropriate 
specifications on reusable, reclaimable and recycled materials’ (93.0 percent), ‘Provision for 
deconstruction and disassembly in the design Phase’ (91.0 percent), ‘Creating awareness among 
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contractors’ (88.9 percent), ‘BIM Implementation’(86.6 percent), ‘Government intervention through 
landfill tax’(84.1%), and ‘Off-site preparation, pre-assembly and prefabrication’ (84.3 percent). All 
these variables can be observed to relate to waste generation during the construction and execution 
phases of the construction projects. 
This factor cluster can therefore be termed as ‘Legal framework and modular construction’. This 
cluster has a total variance of 59.567%, which makes it the most notable approach to C&DW 
management implemented in the Nigerian construction industry. 
Factor 2: Sustainable procurement and material optimization 
 
In the second (2nd) cluster, there were ten (10) variables loaded onto it. These variables include 
‘Reduction of waste at the material source’ (98.8 per cent), ‘Improving the on-site waste management 
plan’ (94.2 per cent). Also, ‘Adding waste minimization in contractual clauses’ (93.5 per cent), 
‘Provision for waste efficient procurement in the design phase’ (84.5 per cent), ‘Provision for off- 
site construction in the design phase’ (78.9 per cent). ‘Provision for material optimization in the 
design phase’ (75.7 per cent), ‘Re-use of materials as backfills’ (74.4 per cent), ‘On-site sorting of 
materials’ (72.8 per cent), ‘Avoidance of late drawings, revisions and submissions’ (71.5 per cent), 
and ‘Complete and unambiguous contract documents’ (70.8 per cent). All these variables can be 
observed to relate to waste generation during both the planning, design and execution phases of the 
construction projects. This cluster is therefore labelled ‘Sustainable procurement and material 
optimization’. Thus, with the total variance of 17.115 %, this cluster was ranked as the second highest 
approach to C&DW management implemented in the Nigerian construction industry behind the 
variables in cluster 1. 
Factor 3: Construction detailing and design 
 
The third (3rd) cluster consists of three (3) variables which are ‘Use of standard dimension and sizes 
in design’ (68.8 per cent), ‘Provision of detailed information on drawings’ (66.0 per cent), and 
‘Avoiding frequent design changes’ (62.6 per cent). All these factors relate to the cluster labelled:  
‘construction detailing and design’. This cluster had a total variance of 15.885%, which makes it the third 
ranked approach to C&DW management implemented in the Nigerian construction industry. 
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7.5.3.1 Clusters’ component correlation matrix 
 
In Table 7.18, the relationship between the cluster groups is shown in the component correlation 
matrix such that all the clusters’ correlation with others by having values more than 0.3. This is an 
indication that there is strong relationship between all the clusters. 
Table 7.18: Clusters component correlation matrix 
 
1 2 3 
Component correlation 
factors 
1 1.000 0.791 0.648 
2 0.791 1.000 0.618 
3 0.648 0.618 1.000 
7.5.3.2 Reliability test 
 
A reliability test was carried out on the variable clusters as shown in Table 7.19, which indicated that 
the variables measured are valid for the cluster they belong to. 
Table 7.19: Reliability of factors clusters 
 
 
Factor Clusters Cronbach’s Alpha Coefficient 
Legal framework and modular construction 0.840 
Construction material optimization 0.826 
Construction detailing and design 0.784 
7.6 SECTION E: ADVERSE EFFECTS OF CONSTRUCTION AND DEMOLITION 
WASTE ON THE ENVIRONEMENT OF LAGOS METROPOLIS 
This section shows the results of the questions from Section E of the questionnaire, which shows the 
adverse effects of C&D waste on the environment of the Lagos Metropolis in Nigeria. The mean 
items score of the variables and exploratory factor analysis results are presented. In addition, the 
results of all the descriptive analysis show the ranking of every factor in descending order. The 
descriptive analysis table also shows the individual mean scores as well as the standard deviation of 
every factor. 
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7.6.1 Mean item score 
Respondents were requested to indicate perceptions of the adverse effects of C&DW using a five- 
point scale: 1 = To no extent, 2 = Small extent, 3 = Moderate extent, 4 = Large extent, and 5 = Very 
large extent. The respondents’ ranking of their perceptions of the environmental effects of C&D 
waste is detailed as follows: ‘Health hazards caused by illegal waste disposal’ was ranked highest 
with a mean of 4.51; a standard deviation of 0.848. The second-ranked adverse effect was ‘Increasing 
burden on landfill sites’ with a mean of 4.48 and a standard deviation of 0.804; ‘Land pollution’ was 
ranked third with a mean of 4.21 and standard deviation of 0.738; ranked fourth was ‘Rapid depletion 
of natural resources’ with a mean of 4.15 and standard deviation of 0.948. While ranked fifth was 
‘Loss of building lands due to more landfills’ with a mean of 4.08 and a standard deviation 0.822; 
ranked sixth was ‘High energy consumption during extraction’ with a mean of 3.99 and a standard 
deviation of 0.826. 
Ranked seventh is ‘Climate change caused by greenhouse gas emissions from waste’ with a mean of 
3.85 and a standard deviation 0.771’; ranked eighth was ‘High volume of air pollution’ with a mean 
of 3.48 and a standard deviation of 0.781. The ninth-ranked adverse effects of C&D waste on the 
environment of the Lagos Metropolis were ‘Road surface wear off by heavy duty vehicles 
transporting waste’ with a mean of 3.42 and a standard deviation of 0.688; while ranked tenth was 
‘Water pollution’ with a mean of 3.21 and a standard deviation of 0.613. Table 7.20 shows the 
descriptive statistics of the adverse effects of C&D waste on the environment of the Lagos 
Metropolis. 
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Table 7.20: Descriptive statistics of environmental effects of C&D waste 
 
ADVERSE EFFECTS OF CONSTRUCTION AND DEMOLITION 






Health hazards caused by illegal waste disposal 4.51 0.848 1 
Increasing burden on landfill sites 4.48 0.804 2 
Land pollution 4.21 0.738 3 
Rapid depletion of natural resources 4.15 0.948 4 
Loss of building lands due to more landfills 4.08 0.804 5 
High energy consumption during extraction 3.99 0.826 6 
Climate change caused by greenhouse gas emissions from waste 3.85 0.771 7 
High volume of air pollution 3.48 0.781 8 
Road surface wear off by heavy duty vehicles transporting waste 3.42 0.688 9 
Water pollution 3.21 0.613 10 
7.6.2 Results from exploratory factor analysis (EFA) 
 
To carry out the EFA, the correlation matrix of obtained data was inspected to ascertain its suitability. 
The coefficient values above 0.4 are suitable for factor analysis. The Kaiser-Meyer-Olkin (KMO) 
measure of sampling adequacy was used to establish the level of adequacies in the distribution of 
values before EFA proceeds. A data distribution measure 0.6 is acceptable for the EFA (Pallant, 
2011). The KMO value of 0.862 in table 7.21is above the acceptable value of 0.6 and in the Bartlett’s 
test of sphericity, a significant level less than 0.05 proves that statistical significance exists in the 
variables, therefore, they are factorable. The correlation matrix table showed that there is a 
correlation coefficient, greater than 0.3, which supports the KMO and Bartlett’s test for the 
factorability of the data sets. 
Table 7.21: KMO measure and Bartlett's test 
 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.862 
Bartlett's Test of Sphericity Approx. Chi-Square 724.814 
Df 45 
Sig. .000 
7.6.2.1 Communalities of the variables 
 
From table 7.22 below, the communalities of the variables were determined, and their extraction 
values are less than 0.3. This is an indication that all the variables fitted in their respective component 
without any variance in the variables. Therefore, because of no low extraction values, the grouped 
factor can be relied upon. 
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Table 7.22: Communalities 
 
Initial Extraction 
Rapid depletion of natural resources 0.510 0.478 
Increasing burden on landfill sites 0.703 0.827 
High energy consumption during extraction 0.518 0.552 
Land pollution 0.538 0.473 
Health hazards caused by illegal waste disposal 0.607 0.647 
High volume of air pollution 0.394 0.398 
Road surface wear off by heavy duty vehicles transporting waste 0.346 0.424 
Climate change caused by greenhouse gas emissions from waste 0.365 0.394 
Loss of building lands due to more landfills 0.436 0.440 
Water pollution 0.325 0.434 
The correlation matrix in table 7.23 showed that there is a correlation coefficient >0.3 which supports 
the KMO and Bartlett’s test for the factorability of the data sets. 
Table 7.23: Component correlation matrix 
 
 D10.1 D10.2 D10.3 D10.4 D10.5 D10.6 D10.7 D10.8 D10.9 D10.10 
D10.1 1.000 0.681 0.484 0.325 0.539 0.238 0.175 0.360 0.414 0.044 
D10.2 0.681 1.000 0.650 0.583 0.696 0.393 0.322 0.451 0.569 0.149 
D10.3 0.484 0.650 1.000 0.607 0.575 0.315 0.272 0.364 0.442 0.135 
D10.4 0.325 0.583 0.607 1.000 0.586 0.425 0.344 0.389 0.416 0.086 
D10.5 0.539 0.696 0.575 0.586 1.000 0.466 0.286 0.445 0.521 0.276 
D10.6 0.238 0.393 0.315 0.425 0.466 1.000 0.432 0.309 0.282 0.402 
D10.7 0.175 0.322 0.272 0.344 0.286 0.432 1.000 0.435 0.382 0.360 
D10.8 0.360 0.451 0.364 0.389 0.445 0.309 0.435 1.000 0.445 0.323 
D10.9 0.414 0.569 0.442 0.416 0.521 0.282 0.175 0.360 1.000 0.320 
D10.10 0.044 0.149 0.135 0.086 0.276 0.402 0.322 0.451 0.320 1.000 
7.6.2.2 Total variance explained of the variables 
 
The Kaiser’s criterion was used to indicate the total variance of the variables. However, only 
eigenvalues above 1.0 were considered and the first two components meet up with the criteria under 
the initial eigenvalues’ total column. A cumulative percentage of 60.470% of the variables was 
explained by the two components. 
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Table 7.24: Total Variance Explained 
 
Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 












1 4.666 46.663 46.663 4.213 42.126 42.126 3.280 32.804 32.804 
2 1.381 13.808 60.470 .854 8.543 50.668 1.786 17.864 50.668 
3 .812 8.116 68.587       
4 .710 7.102 75.689       
5 .595 5.954 81.643       
6 .536 5.364 87.008       
7 .451 4.513 91.521       
8 .337 3.365 94.886       
9 .281 2.812 97.697       
10 .230 2.303 100.000       
Extraction Method: Principal Axis Factoring. 
7.6.2.3 Pattern Matrixa 
 
The scree plot in figure 7.11 (see Section 7.6.2.4.) shows the break down after the first factor. The 
steep slope displays the large factor whereas the gradual trailing off reveals the rest of the factors that 
have an eigenvalue lower than one (1). Two clusters of factors were positioned on the slope and they 
were retained. However, table 7.25 below indicates the pattern matrix, which displays the factors 
loadings of each of the variables. The highest loading items on the factors were shown. 
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Table 7.25: Pattern Matrixa 
 
1 2 
Increasing burden on landfill sites 0.886  
Health hazards caused by illegal waste disposal 0.726  
High energy consumption during extraction 0.718  
Rapid depletion of natural resources 0.689  
Land pollution 0.627  
Loss of building lands due to more landfills 0.524  
Water pollution  0.659 
Road surface wear off by heavy duty vehicles transporting waste  0.615 
High volume of air pollution  0.551 
Climate change caused by greenhouse gas emissions from waste  0.474 
Extraction Method: Principal Axis Factoring. 
Rotation Method: Varimax with Kaiser Normalization.a 
a. Rotation converged in 3 iterations. 
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7.6.2.4 The Scree plot 
 
The three components, before the break in the steep slope as shown in figure 7.11 below are the 
clusters to be interpreted for this factor analysis, which were subjected to direct Oblimin rotation. 
The choice of direct Oblimin rotation was because of the correlation of the 10 variables with each 
other. The direct Oblimin rotation resulted in the pattern matrices. This disclosed the variables 
classifications under each cluster of the three (3) components recognized jointly in the total 
variance explained and scree plot. 
 
 
7.11: Scree plot - 3 
 
7.6.3 FACTOR CLUSTER DESCRIPTION 
 
According to the results from Table 7.21 showing the rotation matrices, the ten (10) variables were 
factored into two (2) clusters, which are interpreted as follows based on the observed inherent 
relationship that exists among the variables in the cluster. 
Factor 1: Landfills and waste disposal problems 
 
Six (6) variables were loaded onto cluster 1 as shown in Table 7.13. These variables include 
‘Increasing burden on landfill sites’ (94.7 per cent), ‘Health hazards caused by illegal waste 
disposal’ (93.0 per cent), ‘High energy consumption during extraction’ (91.0 per cent), ‘Rapid  
depletion of natural resources’ (88.9 per cent), ‘Land pollution’ (86.6 per cent), and ‘Loss of 
building lands due to more landfills’ (84.1 per cent). All these variables can be observed to relate 
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to adverse effects of waste generated during the construction and execution phases of the 
construction projects. This factor cluster can therefore be termed as ‘Landfills and waste disposal 
problems. This cluster has a total variance of 46.663%, which makes it the most notable adverse 
effects of C&D on the environment of the Lagos Metropolis, Nigeria. 
Factor 2: Toxin impacts related 
 
In the second (2nd) cluster, there were four (4) variables loaded onto it. These variables include 
‘Water pollution’ (94.8 per cent), ‘High volume of air pollution’ (84.5 per cent), and ‘Climate 
change caused by greenhouse gas emissions’ (78.9 per cent). All these variables can be observed 
to relate to adverse effects of C&D waste on the environment. This cluster is therefore labelled 
‘Toxin impacts related factors’. Thus, with the total variance of 13.808%, this cluster is ranked as 
the second adverse effect of C&D waste on the environment of the Lagos Metropolis, Nigeria 
behind the variables in cluster 1. 
7.6.4 Reliability test 
 
A reliability test was carried out on the variable clusters as shown in Table 7.26, which indicated 
that the variables measured are valid for the cluster they belong to. 
Table 7.26: Reliability of factors clusters 
 
Factor Clusters Cronbach’s Alpha Coefficient 
Landfills and waste disposal related 0.840 
Toxin impacts related 0.826 
 
7.7 SECTION F: THE BENEFITS FROM CONSTRUCTION AND DEMOLITION 
WASTE MANAGEMENT 
This section shows the results of the questions from Section E of the questionnaire, which shows 
the benefits from C&D waste management implemented in the Nigerian construction industry. The 
mean items score of the variables and exploratory factor analysis results are presented. In addition, 
the results of all the descriptive analysis show the ranking of every factor in descending order. The 
descriptive analysis table also shows the individual mean scores as well as the standard deviation 
of every factor. 
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7.7.1 Mean item score 
 
The respondents’ ranking of their perceptions of the benefits of C&D waste management in the 
Nigerian construction industry is detailed in the section. The respondents were requested to 
indicate the extent to which each benefit of C&D waste management was ranked using a five-point 
Likert scale: 1 = To no extent, 2 = Small extent, 3 = Moderate extent, 4 = Large extent, and 5 = 
Very large extent. ‘Reduction in pollution’ was ranked highest with a mean of 4.52 and a standard 
deviation of 0.882. The second-ranked benefits was ‘Cost savings which lead to profit 
maximization’ with a mean of 4.49 and a standard deviation of 0.833; ‘Reduction in landfills sites’ 
was ranked third with a mean of 4.47 and a standard deviation of 0.875. Ranked fourth was 
‘Reduction in global warming effects’ with a mean of 4.43 and a standard deviation of 0.809; 
ranked fifth was ‘Reduction in greenhouse gas emissions’ with a mean of 4.25 and a standard 
deviation of 0.853; ranked sixth was ‘Guarantee on health and environmental safety’ with a mean 
of 4.11 and a standard deviation of 0.829. 
Ranked seventh was ‘Creation of more job opportunities’ with a mean of 4.09 and a standard 
deviation of 0.804’; while the eighth ranked benefit of C&D waste management was ‘Increase in 
stakeholders’ participation in waste control’ with a mean of 3.70 and a standard deviation of 0.671. 
Table 7.27 shows the descriptive statistics of the benefits of C&D waste to the Nigerian 
construction industry. 
Table 7.27: Descriptive statistics of the benefits from C&D waste management 
 








Reduction in land pollution 4.52 0.882 1 
Cost savings which lead to profit maximization 4.49 0.833 2 
Reduction in landfill sites 4.47 0.875 3 
Reduction in global warming effects 4.43 0.809 4 
Reduction in greenhouse gas emissions 4.25 0.853 5 
Guarantee on health and environmental safety 4.11 0.829 6 
Creation of more job opportunities 4.03 0.804 7 
Increase in stakeholder’s participation in waste control 3.70 0.671 8 
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7.7.2 Results from exploratory factor analysis (EFA) 
 
The 10 carefully chosen factors were subjected to an exploratory factor analysis (EFA) using SPSS 
version 25. To carry out the EFA, correlation matrix of obtained data was inspected in order to 
ascertain its suitability. The coefficient values above 0.4 are suitable for factor analysis. The 
Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was used to establish the level of 
adequacies in the distribution of values before EFA proceeded. A data distribution measure 0.6 is 
acceptable for the EFA (Pallant, 2011). The KMO value of 0.887 in table 7.28 is above the 
acceptable value of 0.6 and in the Bartlett’s test of sphericity, a significant level less than 0.05 
proves that statistical significance exists in the variables, therefore, they are factorable. The 
correlation matrix table showed that there is a correlation coefficient, greater than 0.3, which 
supports the KMO and Bartlett’s test for the factorability of the data sets. 
Table 7.28: KMO measure and Bartlett's test 
 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .887 
Bartlett's Test of Sphericity Approx. Chi-Square 540.102 
Df 28 
Sig. .000 
7.7.2.1 Communalities of the variables 
 
From the table 7.25 below, the communalities of the variables were determined, and their 
extraction values is less than 0.3, and this is an indication that all the variables fitted in their 
respective component without any variance in the variables. Therefore, because of no low 
extraction values, the grouped factor can be relied upon. The correlation matrix in table 7.29 
showed that there is a correlation coefficient >0.3 which supports the KMO and Bartlett’s test for 
the factorability of the data sets. 
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Table 7.29: Communalities 
 
Initial Extraction 
Cost savings which lead to profit maximization 0.335 0.339 
Creation of more job opportunities 0.398 0.341 
Reduction in landfill sites 0.643 0.713 
Guarantee on health and environmental safety 0.414 0.434 
Reduction in global warming effects 0.456 0.483 
Reduction in greenhouse gas emissions 0.513 0.583 
Increase in stakeholder’s participation in waste control 0.316 0.395 
Reduction in land pollution 0.554 0.594 
Table 7.30: Component correlation matrix 
 
 E11.1 E11.2 E11.3 E11.4 E11.5 E11.6 E11.7 E11.8 
E11.1 1.000 0.320 0.404 0.385 0.283 0.334 0.324 0.320 
E11.2 0.320 1.000 0.616 0.335 0.379 0.463 0.320 1.000 
E11.3 0.404 0.616 1.000 0.578 0.588 0.632 0.404 0.616 
E11.4 0.385 0.335 0.578 1.000 0.468 0.515 0.385 0.335 
E11.5 0.283 0.379 0.588 0.468 1.000 0.527 0.283 0.379 
E11.6 0.334 0.463 0.632 0.515 0.527 1.000 0.334 0.463 
E11.7 0.330 0.265 0.398 0.310 0.358 0.430 1.000 0.265 
E11.8 0.349 0.380 0.598 0.492 0.599 0.597 0.349 1.000 
7.7.2.2 Total variance explained of the variables 
 
The total variance of the variables as shown in Table 7.31 below indicates the eigenvalues using 
Kaiser’s criterion. The variables, which had eigenvalues above 1.0, were the only ones to be 
considered. This means that the first three components meet up with the criteria under the initial 
eigenvalues’ total column. These four components explain a cumulative percentage of 60.470 of 
the variables. 
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Table 7.31: Total Variance Explained 
 
Initial Eigenvalues Extraction Sums of Squared Loadings 




Total % of 
Variance 
Cumulative % 
1 4.175 52.192 52.192 3.681 46.008 46.008 
2 1.817 10.214 62.406 1.756   
3 .787 9.840 72.246    
4 .673 8.410 80.656    
5 .505 6.310 86.966    
6 .418 5.222 92.188    
7 .347 4.336 96.524    
8 .278 3.476 100.000    
7.7.2.3 Pattern Matrixa 
 
The scree plot in figure 7.10 shows the break down after the first factor. The steep slope displays 
the large factor whereas the gradual trailing off reveals the rest of the factors that have an 
eigenvalue lower than one (1). Two clusters of factors are positioned on the slope and they were 
retained. However, table 7.32 below indicates the rotation factor matrix, which displays the factors 
loadings of each of the variables. The highest loading items on the factors were shown. 
Table 7.32: Pattern Matrixa 
 
1 2 
Reduction in landfill sites 0.886  
Reduction in global warming effects 0.726  
Reduction in land pollution 0.718  
Reduction in greenhouse gas emissions 0.689  
Guarantee on health and environmental safety 0.627  
Creation of more job opportunities  0.524 
Cost savings which lead to profit maximization  0.659 
Large market for secondary materials  0.615 
Extraction Method: Principal Axis Factoring. 
Rotation Method: Varimax with Kaiser Normalization.a 
a. Rotation converged in 3 iterations. 
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7.7.2.4 Scree plot 
 
The Scree plot According to the results from Table 7.32 showing the pattern matrix, the eight (8) 
variables were factored into two (2) clusters, which are interpreted as follows based on the 
observed inherent relationship that exists among the variables in the cluster. 
 
 
Figure 7.12: Scree plot - 4 
 
7.7.3 FACTOR CLUSTER DESCRIPTION 
Factor 1: Environmental related benefits 
The five (5) variables were loaded onto cluster 1 as shown in Tables 7.32. These variables included 
‘Reduction in land pollution’ (94.7 per cent), ‘Reduction in landfill sites’ (91.0 per cent), 
‘Reduction in global warming effects’ (88.9 per cent), ‘Reduction in greenhouse gas emissions’ 
(86.6 percent), and ‘Guarantee on health and environmental safety’ (84.1 per cent). All these 
variables can be observed to relate to benefits of construction and demolition in the Nigerian 
construction industry. This factor cluster can therefore be termed as ‘Environmental related 
benefits’. This cluster has a total variance of 52.192%, which makes it the most notable benefits of 
C&DW management systems to the Nigerian construction industry. 
Factor 2: Economic related benefits 
 
The three (3) variables were loaded onto cluster 1 as shown in Tables 7.32. These variables 
included ‘Cost savings which lead to profit maximization’ (93.0 per cent), ‘Creation of more job 
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opportunities’ (82.4 per cent), and ‘Increase in stakeholder’s participation in waste control’ (79.3 
per cent). All these variables can be observed to relate to benefits of construction and demolition 
to the Nigerian construction industry. This factor cluster can therefore be termed as ‘Economic 
related benefits’. This cluster has a total variance of 10.214%, which makes it the most notable 
benefits of C&DW management systems to the Nigerian construction industry. 
7.7.5 Reliability test 
 
A reliability test was carried out on the variable clusters as the Cronbach’s alpha coefficient. The 
coefficient, which is greater than 0.6 indicated that the variables measured, are valid for the cluster. 
Figure 7.33 shows the reliability of the factor clusters 
 
Table 7.33: Reliability of factors clusters 
 
Factor Clusters Cronbach’s Alpha Coefficient 
Environmental related benefits 0.976 
Economic related benefits  
7.8 SUMMARY OF THE CLUSTER FACTOR GROUPINGS 
 
Table 7.34 presents the summary of the cluster factor groupings on factors influencing C&DW 
generation, C&DW management approaches, adverse effects of C&DW and benefits of C&DW 
management to the Nigerian construction industry. 
Table 7:34: Summary of the cluster factor groupings 
 
Label Cluster grouping Objectives 
F1 Poor project coordination and communication INFLUENCING FACTORS 
F2 Inadequate planning and design 
F3 Inappropriate material transportation and storage 
F4 Ineffective procurement and contractual agreements 
F5 Poor project execution and supervision 
F1 Legal framework and modular construction APPROACHES 
F2 Construction material optimization 
F3 Construction detailing and design 
F1 Landfills and waste disposal problems ADVERSE EFFECTS 
F2 Toxin impacts 
F1 Environmental related benefits BENEFITS 
F2 Economic related benefits 
140  
7.9 RESULTS FROM THE NORMALITY TESTS FOR THE CLUSTERS 
 
This particular aspect explains the normality test carried out on the compared groups to ascertain 
whether they are distributed normally or not. In this study, 0.05 was used as the lowest value for 
normality tests. Sample sizes from 50 and above use the Kolmogorov-Smimov statistics results, 
while for sample sizes that are less than 50 usually use Shapiro-Wilk statistics results. In the study, 
the sample size is greater than 50; therefore, Kolmogorov-Smimov statistics results were used. 
Table 7.35 shows the normality test for the factor clusters. 
Table 7.35: Normality test 
 
  Kolmogorov-Smimov Shapiro-Wilk 
 Cluster groupings Statistics Df P-value Statistics Df P-value 
F1 Poor project coordination and 
communication 
0.230 168 0.000    
F2 Inadequate planning and design 0.243 168 0.000    
F3 Inappropriate material 
transportation and storage 
0.210 168 0.000    
F4 Inefficient procurement and 
contractual agreements 
0.168 168 0.000    
F5 Poor project execution and 
supervision 
0.240 168 0.000    
F1 Legal framework and modular 
construction 
0.189 168 0.000    
F2 Construction material 
optimization 
0.248 168 0.000    
F3 Construction detailing and 
design 
0.256 168 0.000    
F1 Landfills and waste disposal 
problems 
0.188 168 0.000    
F2 Toxin impacts 0.230 168 0.000    
F1 Environmental benefits 0.265 168 0.000    
F2 Economic benefits 0.256 168 0.000    
Table 7.34 shows that the normality test for the factor indicates that the p-value was lower than 
0.05 as shown in the table above. The null hypothesis (Ho) is rejected, although the hypothesis 




This chapter has shown the analysis of data collected from professionals in the Nigerian 
construction industry. The results were presented in graphs/charts and tables for easy 
interpretation. 
In the next chapter, a discussion of the results relating to the research objectives is presented. 
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CHAPTER EIGHT 
DISCUSSION OF FINDINGS 
8.1 INTRODUCTION 
 
In this chapter, findings from the analyzed data are explained and detailed. The findings are also 
linked to issues raised in the literature, which has been reviewed as a means of ensuring the findings 
are valid. This chapter attempts to show how the research questions have been answered and the set 
objectives of the study have been achieved. 
8.2 FINDINGS FROM DEMOGRAPHIC INFORMATION 
 
The result was obtained from the analysis of the respondents’ background information from 
professionals in the Nigerian construction industry. The respondents consisted largely of males as 
they constituted 73.8 per cent of the total retrieved data sample, the female was 25 per cent, 
whereas 1.2 per cent preferred not to specify their gender. Furthermore, there was an almost even- 
distribution of the professionals (i.e. civil engineers, builders, quantity surveyors, project 
managers and architects) to ensure there is no form of bias with any of the professionals making 
up the larger percentage of the sample population. On average, the respondents have more than 
15 years of experience and their minimum qualification is a bachelor’s degree. The majority of 
the respondents work in both public consulting and contracting firms, followed by private 
organization firms, whereas government establishments had the least respondents. Furthermore, 
29.2 per cent of the respondents have worked on housing estates projects, 17.0 per cent have 
worked on road construction, and 12.5 per cent have worked on government offices, whereas 4.2 
per cent have worked on civil works, 3.1 per cent have worked on renovation and 1.1 per cent 
have worked on other construction projects. 
Most of the respondents have a vast experience in C&D waste management practices with 83.9 
percent signifying their involvement in C&D waste management practices in the past two (2) 
years. Likewise, their educational qualification and years of experience indicate that their opinions 
can be relied upon and so can be viewed as valid concerning the questions and objectives of this 
study. The demographic findings show the exact sample of the targeted population in this research 
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study without any distortions. 
 
8.3 RESEARCH QUESTION 1 
 
What is the quantity of construction and demolition waste generated in the Nigerian construction 
industry? 
8.3.1 Discussion of findings 
 
From the descriptive statistics carried out. The quantity of waste generated in the Nigerian 
construction industry was calculated as consisting of an average of percentage of 12.5 ‘concrete’ 
(0.754); of ‘wood’ (0.650) an average percentage of 12.36; ‘reinforcement’ (0.750) makes up an 
average of 9.28 waste generated. In addition, an average percentage of waste from the construction 
industry is make up of 8.66 of ‘asbestos’ (0.654); 8.45 average percentage of ‘glass’ (0.660). 
‘asphalt’ (0.674) makes up an average percentage of 8.24; while 7.59 is the average percentage of 
‘tile ceramics’ (0.745);7.34 is the average percentage of ‘soil and stone’ (0.700); 7.30 is the 
average percentage of ‘plastics and packing materials’ (0.630); 4.60 is the average percentage of 
‘rubble’ (0.658); 4.45 the average percentage of ‘drywall’ (0.790) and 4.40 average percentage of 
‘bitumen’ (0.766) were indicated as how the waste is generated. The average percentage of waste 
quantity generated was calculated using data collected from the respondents involved in waste 
management practices in the Nigerian construction industry. Furthermore, all the waste materials 
were ranked above 3.00, which is the average of a five-point Likert scale. This is an indication 
that all the quantity of waste generated is moderate for all the waste type specified in the Nigerian 
construction industry. 
i. Result of Hypothesis 1 
 
One-way ANOVA analysis of variance at p-values ≥0.05 was carried out. This was used to test 
the hypothesis of the quantity of waste generated in the Nigerian construction industry. The test 
was carried out on each of the twelve (12) waste materials as recorded. For the first hypothesis 
above, the sig-values was greater than 0.05, which implies that the null-hypothesis (Ho) is largely 
accepted. The findings indicated that 12.50 average percentage quantities of waste were generated 
as ‘concrete’. This was recorded as the highest waste generated with sig-values of 0.775. The 
second highest quantity of waste was ‘wood’ with an average percentage of 12.36 and sig-values 
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of 0.678. ‘reinforcement’ was third with an average percentage of 9.28 quantities of waste were 
generated and sig-values of 0.636. The fourth highest waste generated was ‘asbestos’ with an 
average percentage of 8.66 quantities of waste and sig-values of 0.540. The fifth highest waste 
was ‘glass’ with an average percentage of 8.45 quantities of waste and 0.528 sig-value. 
The sixth waste is ‘asphalt’ with an average percentage of 8.24 quantities of waste generated and 
sig-values of 0.456. Furthermore, ‘tile ceramics’ was the seventh with an average percentage of 
7.59 quantities of waste generated and sig-values of 0.450. The eighth waste was ‘soil and stone’ 
with an average percentage of 7.34 quantities of waste generated and sig-values of 0.375. The 
ninth waste was ‘plastic and packaging materials’ with an average percentage of 7.30 quantities 
of waste generated and sig-values of 0.372. The tenth waste was ‘rubble’ with an average 
percentage of 4.60 quantities of waste generated and sig-values of 0.350. The eleventh waste 
generated was ‘drywall’ with an average percentage of 4.45 quantities of waste generated and sig- 
values of 0.220. The twelfth waste was ‘bitumen’ with an average percentage of 4.40 quantities 
of waste generated and p-values of 0.180. However, all the p-values are greater than 0.05 showing 
insignificant differences, which implies that the hypothesis was acceptable. These findings are 
consistent with the findings of Adewuyi et al., (2014:96-103) indicating that there is no significant 
variation in the level of waste generated in the several construction sites examined. 
ii. Result of Hypothesis 2 
 
The result of the T-test carried out; shows that the sig-value (0.020) is less than 0.050 and likewise 
the f-value (0.000) is less than 0.050, which implies the test was rejected for this second null- 
hypothesis (Ho) and consequently it is not evenly distributed. These findings consistent with the 
findings of Adewuyi et al., (2014:96-103), which considered the construction material waste 
generated in several construction sites located in the Southeastern part of Nigeria. This suggests 
that the difference between the actual quantities of waste generated and allowable waste when 
tested by a paired t-test has a significant difference. Thus, there is an average of 7.5 percentage of 
quantities of C&D waste generated on every construction site in Nigeria. 
8.3.2 Implication of findings 
 
The empirical findings of the study align with theoretical findings, which indicate the percentage 
145  
quantity of waste generated in the Nigerian construction industry. This is evident in the mean 
ranking as ‘concrete’ waste was ranked the highest waste generated on construction sites while 
‘bitumen’ was ranked the least waste generated in the Nigerian construction industry. However,  
when considering the comparison between the quantity of waste generated on-site and the 
allowable waste, the results show a significant variation in level of waste generated. This indicates 
that waste generated on site is higher than the allowable waste by estimators in the Nigerian 
construction industry. Thus, there is a need for considerable adjustment to the waste allowance 
that will help to reduce project cost and minimize waste generation on construction sites in 
Nigeria. However, when the waste generated in the Nigerian construction industry is not properly 
quantified, it amounts to an unsuitable waste management effort to cope the adverse effect of the 
waste. Therefore, resolute policy and decisive efforts is required by the contractors to ensure waste 
generated is reduced to the minimized level. 
8.4 RESEARCH QUESTION 2 
 
What are the factors influencing construction and demolition waste generation in the Nigerian 
construction industry? 
8.4.1 Discussion of findings 
 
To achieve the objectives of indicating the factors influencing C&DW generation in the Nigerian 
construction industry, an exploratory factor analysis carried out produced five (5) factor-clusters, 
which are explained below: 
Cluster 1–POOR COORDINATION AND COMMUNICATION 
Six (6) extracted items were loaded to this cluster which included; ‘over allowance error’ (0.742); 
‘suppliers’ error’ (0.701); ‘bad weather conditions’ (0.690); ‘improper storage methods’ (0.508), 
‘inefficient methods of unloading materials’ (0.485); and ‘poor coordination and communication’ 
(0.486). All these variables could be observed to relate to waste generated during the coordinating 
and communication networking in the construction projects. This factor cluster can therefore be 
termed as ‘Poor project coordination and communication’. This cluster has a total variance of 
59.567 percent, which makes it the most noticeable factor-cluster influencing C&DW generation 
in the Nigerian construction industry. 
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The finding about this cluster of factors, agrees with the suggestion by Wahab and Lawal 
(2011:246-254) who asserted that poor coordination and communication during the construction 
and execution phases has led to huge waste generation in the Nigerian construction industry and 
hence the communication link must be enhanced to ensure the flow of information across each of 
the construction phases. Most, construction employers in Nigeria are uneducated craft workers 
who could find directives from site engineers or managers difficult to interpret, thus causing waste 
to be generated. Yuan et al. (2017:84-93) argued that communication, if not properly disseminated 
during the phases of construction projects caused enormous space for waste to be generated. In 
support of these findings, Ajayi et al. (2017:330-339) pointed out that committing coordinating 
responsibilities in construction projects to un-skilled labourers, such as craft workers on-site, might 
be unsuitable especially in situations where expert initiatives is a requirement. 
Arslan et al. (2012:313-332), attributed the inefficient methods of unloading materials on-site a 
factor seen to be critical to the generation of waste on construction sites. Poor coordination is 
caused by inept site-engineers having relaxed attitudes to the site-workers, thus allowing 
negligence. Therefore, Aderibigbe et al. (2017:1-15) suggested that competent site-supervision 
should be employed to make strict rules that will enhance the reduction of waste on construction 
sites. 
Cluster 2–INADEQUATE PLANNING AND DESIGN 
 
There were four (4) extracted items loaded onto the second (2) clusters. These variables included 
‘accident due to negligence’ (0.567); ‘equipment malfunction’ (0.561); ‘lack of on-site waste 
management plans’ (0.456); and ‘frequent changes in design’ (0.423). All these variables can be 
observed to relate to waste generation during both the planning, design and execution phases of 
the construction projects. This cluster is therefore labelled ‘Inadequate planning and design’. 
Thus, the total variance of 12.803 percent, this cluster was ranked as the second cluster of serious 
factors influencing the C&DW generation in the Nigerian construction industry behind the 
variables in the first cluster. 
This finding agrees with the findings of Nagapan et al., (2012b:22-28) which found that unsuitable 
planning of construction consequences leads to flow of material waste, also inadequate planning 
and design can create a scenario of the necessity to rework the building or construction, generating 
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indirect waste. Likewise, Chakkrit et al. (2019:1-17) also asserted that changes in design should 
be considered as being one of the factors most influencing C&DW generation. In a situation where 
on-site waste management plans are not inaugurated, Ekanayake and Ofori (2000:1-6) concluded 
that large volumes of waste will be uncontrollably generated in the construction projects, and the 
malfunction of equipment on-site creates an unhealthy environment which can also generate 
indirect waste. In addition, the negligence of construction craftworkers generates unavoidable 
waste on construction sites; thus, site supervisors should ensure that site workers perform their 
duties precisely. Shen et al. (2004:39-48) pointed out that a great amount of construction waste is 
generated at the design stage, such as design changes, and the inconsistency in the level of design 
details. 
Inadequate planning of site logistics may perhaps cause considerable waste generation (Tongo et 
al. (2019: 1-4). But accidents due to negligence can be caused by the absence of site-supervisors, 
and waste generated on sites due to accidents could be prevented if a competent site supervisor is 
employed (Aderibigbe et al., 2017:1-15). Also, material waste on-site is often by human error 
rather than being inherent in the process or method of construction. 
Cluster 3–INAPPROPRIATE MATERIAL TRANSPORTATION AND STORAGE 
 
This cluster consists of three (3) extracted items, which are ‘poor on-site method of transportation’ 
(0.721); ‘damage caused during transportation’ (0.533); and ‘long distances between storage of 
materials and point of application’ (0.456). All these factors relate to the cluster labelled: 
‘Inappropriate material transportation and storage’. This cluster had a total variance of 11.260 
percent, which makes it the third ranked classification of factors influencing the C&D waste 
generation in the Nigerian construction industry. 
This cataloging of factors influencing C&D waste generation is consistent with the findings of 
Adewuyi and Otali (2013:746-753) which indicated that poor on-site methods of transportation, 
long distances between storage of materials to the point of application amount to a considerable 
quantity of C&D waste generation on most construction sites in Nigeria. However, the bad state 
of the Nigerian road networks account for the long duration of transportation of construction 
materials from one storage centre to the point of application on the construction sites. Adewuyi 
and Otali (2013: 746-753) also found that insufficient instruction on the storage of material and 
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transportation was observed to be one of the major factors responsible for waste generated on 
construction sites in Nigeria. Thus, to avoid this waste being cause by the long distances between 
the storage and the point of application, the road network connecting the construction sites to the 
stores must be short, the stores should be at a close range to the to the construction site. 
Cluster 4–INEFFICIENT PROCUREMENT AND CONTRACTUAL AGREEMENTS 
 
This cluster had three (3) extracted items loaded onto it which were ‘errors in contract documents’ 
(0.779); ‘unclear or unsuitable specifications’ (0.597); and ‘poor craftsmanship’ (0.547). All these 
factors relate to the cluster labelled: ‘Inefficient procurement and contractual’. This cluster had a 
total variance of 9.758 per cent, which makes it the fourth (4th) ranked classification of factors 
influencing C&D waste generation in the Nigerian construction industry. 
These findings agree with the findings of Akinkunlere and Franklin (2005: 980-984), Odusanmi 
et al. (2012:53-65) and Akinade et al. (2018:330-339) which relate poor procurement approaches 
and lack of contractual agreements to the massive generation of C&DW on several construction 
sites in Nigeria. Likewise, Odusanmi et al. (2012:53-65) opined that most breaches in contract 
agreements are on the account of disloyalty of the clients. These clients are mostly from the 
government parastatals hence triggering abandonment of projects. However, Adewuyi and Otali’s 
(2013: 746-753) findings indicate that the level of material waste generation due to inefficient 
procurement and contractual agreements is reasonably moderate. Kambiz et al. (2017:21-31), 
supported the claim that error in contract documents and unclear specifications caused by the lack 
of adequate time required to prepare contract documents, the use of an inexperienced designer,  
oversight, negligence or laziness create significant errors in contract documents, although the 
causes of these errors differ in several construction industries in the country and between 
contractors and consultants. 
Cluster 5–POOR PROJECT EXECUTION AND SUPERVISION 
 
In the last cluster, four (4) variables were loaded onto it which are ‘Construction design detail 
errors’ (0.636); ‘Pressure on project delivery period’ (0.536); ‘Lack of site supervision’ (0.505); 
and ‘Error in ordering materials’ (0.401). All these factors relate to the cluster labelled: ‘Poor 
project execution and supervision’. This cluster had a total variance of 6.613 percent, which makes 
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it the lowest ranked classification of factors affecting C&D waste generation in the Nigerian 
construction industry. 
This finding agrees with the finding of Adewuyi and Odesola (2016:82-99) which indicates that 
errors in detailing, especially during project design, is a prominent factor contributing to waste 
generation in the Nigerian construction projects. In the findings of Nagapan et al. (2012a:1-16), 
pressure on project delivery period is an incidence causing waste. This is often due to the 
impatience of clients and contractors’ negligence to meet their expected project delivery time limit 
therefore generating what is viewed as non-physical waste. Dania et al. (2007:121-129) and 
Oladiran (2009b:165-176) point out that the lack of site supervision by supervisors who are mostly 
unskilled generate a huge amount of waste in construction site in Nigeria. On the other hand, 
Adafin et al, (2010:62-72) encourages contractors to employ an on-site waste manager to give an 
in-depth supervision of every single on-site worker; since the largest percentage of waste is 
generated on-site if the sites are not controlled properly. However, when construction materials 
are not ordered in a sustainable way, then generating waste in such scenario is non-negotiable. 
8.4.2 Implication of findings 
 
The theoretical review aligns with the empirical findings, which indicates the most influential 
factors contributing to C&DW generation in the Nigerian construction industry. In any 
construction project, the identification of factors generating waste is a major step in ensuring 
proper management and control of the waste starting from the initial stage of the construction to 
the finish. In this research study, the critical factors identified were frequent changes in design, 
lack of on-site waste management planning and pressure from clients on the project delivery 
period, lack of on-site waste expertise. The implications of the C&DW generated are that it 
increases construction costs, causes pollution, presents risk to human health and also to 
environmental safety. The majority of the C&D waste generated is disposed into landfills, which 
creates a burden on these landfill sites. The total cost of construction projects increases because 
of uncontrolled waste generated in construction projects. 
8.5 RESEARCH QUESTION 3 
 
What are the construction and demolition waste management approaches implemented in the 
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Nigerian construction industry? 
 
8.5.1 Discussion of findings 
 
To achieve the objectives of indicating the C&D waste management approaches in the Nigerian 
construction industry, an exploratory factor analysis carried out produces three (3) factor-clusters, 
which are explained below: 
Cluster 1–LEGAL FRAMEWORK AND MODULAR CONSTRUCTION 
 
Seven (7) variables were loaded onto cluster 1 as shown in Tables 7.13. These variables include 
‘establishment of waste separation and collection techniques’ (0.780); ‘appropriate specifications 
on reusable’ (0.744); ‘reclaimable and recycled materials’ (0.703); ‘provision for deconstruction 
and disassembly in the design phase’ (0.551); ‘BIM implementation’ (0.524); ‘government 
intervention through landfill tax’ (0.502); and ‘off-site preparation, pre-assembly and 
prefabrication’ (0.471). All these variables can be observed to relate to waste management 
approaches implemented during the construction and execution phases of the projects. This factor 
cluster can therefore be termed as ‘legal framework and modular construction’. This cluster has 
a total variance of 59.567%, which makes it the most notable C&D waste management approach 
implemented in the Nigerian construction industry. 
This finding agrees with the findings of Popoola et al. (2018:18-26) and Chen et al. (2014:2466- 
2486) affirming that establishing waste separation and collection techniques will in due course 
reduce waste generated at each phase of construction. One of the ways in which waste can be 
controlled and minimized is to specify the appropriate re-use of waste materials on sites. 
Reclaimable and recyclable materials are used as an alternative to disposal in landfills. However, 
strict laws and expensive landfill levies imposed on landfill site disposals reduce the reliance on 
landfills and makes those involved think of possible alternatives. In addition, the separation of 
materials is necessary to ensure pure, quality materials. Wahab and Lawal (2011:246-254) and 
Odunsanmi et al. (2012: 53-65) confirm that proper material recovery through the provision for 
deconstruction and disassembly at the design phases in construction ultimately reduces the waste, 
even at that phase. However, Chen et al. (2013:1539-1551) opined that off-site preparation, pre- 
assembly and prefabrication are the best means of eliminating waste before the inception of 
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construction activities on sites. 
 
Off-site construction and prefabrication are carried out in construction projects in Nigeria, but the 
degree of adoption of the development is low in comparison to the total number of construction 
firms in the country (Wahab & Lawal 2011:246-254). The increased awareness and 
implementation of the building information modelling (BIM) is also another modularity in 
construction, which obviously reduces, or eliminates waste in construction. However, among the 
indicated waste management approaches in this cluster, the adoption of modularity in construction 
projects in Nigeria is still below standard and needs an upgrading in either the approach or method 
of application of these approaches to ensure the waste management systems are more sustainable. 
Cluster 2–SUSTAINABLE PROCUREMENT AND MATERIAL OPTIMIZATION 
 
In the second (2nd) cluster, there were ten (10) variables loaded onto it. These variables include 
‘reduction of waste at the material source’ (0.753), ‘improving the on-site waste management 
plan’ (0.636); ‘adding waste minimization in contractual clauses’ (0.629); ‘provision for waste 
efficient procurement in the design phase’ (0.596). Also ‘provision for off-site construction in the 
design phase’ (0.572); ‘provision for material optimization in the design phase’ (0.562); ‘re-use 
of materials as backfills’ (0.551); ‘on-site sorting of materials’ (0.531); ‘avoidance of late 
drawings, revisions and submissions’ (0.528); and ‘complete and unambiguous contract 
documents’ (0.410). All these variables can be observed to relate to waste generation during both 
the planning, design, and execution phases of the construction projects. This cluster is therefore 
labelled ‘sustainable procurement and material optimization’. Thus, the total variance of 17.115 
%, this cluster is ranked as the second approach to C&D waste minimization used in the Nigerian 
construction industry behind the variables in cluster 1. 
This finding agrees with the findings of Akinade et al. (2017:3-13) and Aniramu et al. (2019:20- 
24) which indicate that the sustainable procurement of materials by making provision for waste- 
efficient procurement in the design, reduction of waste at sources, optimizing materials’ re-use 
and recovery will make waste elimination or avoidance possible. In addition, on-site material 
sorting, separation for either re-use or recycling increases the usage of materials, hence reducing 
construction costs. But many of the procurement procedures and the implementation are still 
deficient in reducing waste in the country. The contractual documents must contain waste 
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minimization, and no room should be given to contractual ambiguity. Ajayi et al. (2017:38-46) 
opined that the procurement of materials must be sustainable to eliminate waste and if any country 
hopes to minimize waste generation, it must focus on the procurement policies and contract details 
of every construction project to make them eco-friendly. In addition, late drawings, revisions, and 
submissions must be avoided. 
Cluster 3–CONSTRUCTION DETAILING AND DESIGN 
 
The third (3rd) cluster consists of three (3) variables which are ‘use of standard dimension and  
sizes in design’ (0.688); ‘provision of detailed information on drawings’ (0.630); and ‘avoiding 
frequent design changes’ (0.588). All these factors relate with the cluster labelled: ‘construction 
detailing and design’. This cluster had a total variance of 15.885%, which makes it the third ranked 
classification of factors influencing the C&D waste generation in the Nigerian construction 
industry. 
This finding agrees with the findings of Renner et al. (2016:217-229), Chen et al. (2017:180-195), 
and Tongo et al. (2019:1-4) which conclude that in construction, avoiding frequent changes in 
design, making use of standard dimensions and sizes in design and ensuring the drawings are well 
detailed is key to sustainable construction projects. Lack of this concrete information provision 
on drawings by the architects and many unclear and drawings resulting in misinterpretation which 
has led to waste being generated on construction sites. However, site-engineers must painstakingly 
take note of every detail in the drawings provided for the construction projects. 
8.5.2 Implication of findings 
 
The management directive regarding the development of a sustainable waste management plan 
needs the involvement of experts and professionals who meet the requirements to supervise site 
operatives, and awareness among craftsmen and women to give them concrete information and 
training in practice. However, this can reduce C&DW in a negligible manner. When the waste 
management approach is implemented, it can cause a reduction in the construction costs, 
improvement of output and better storage and handling of materials transported to sites. In 
addition, the need for the application of proper construction detailing and precise design cannot 
be over-emphasized. A high requirement of expertise should be in place when selecting civil 
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engineers as site supervisors in ensuring the process of design is not marred with errors that could 
possibly generate huge amounts of waste. 
8.6 RESEARCH QUESTION 4 
 
What are the adverse effects of construction and demolition waste on the environment of Lagos 
Metropolis, Nigeria? 
8.6.1 Discussion of findings 
 
An exploratory factor analysis was carried out to achieve the objectives of identifying the adverse 
effects of construction and demolition waste on the environment of the Lagos Metropolis in 
Nigeria. The exploratory factor analysis carried out produced three (3) factor-clusters, which are 
explained below: 
Cluster 1–LANDFILLS AND WASTE DISPOSAL RELATED 
 
Six (6) variables were loaded onto cluster 1. These variables include ‘increasing burden on landfill 
sites’ (0.886); ‘health hazards caused by illegal waste disposal’ (0.726); ‘high energy consumption 
during extraction’ (0.718); ‘rapid depletion of natural resources’ (0.718); ‘land pollution’ (0.689); 
and ‘loss of building lands due to more landfills’(0.524). All these variables can be observed to  
relate to adverse effects of waste generated during the construction and execution phases. This 
factor-cluster can therefore be termed as ‘landfills and waste disposal related’. This cluster has a 
total variance of 46.663%, which makes it the most notable adverse effect of C&D on the 
environment of the Lagos Metropolis, Nigeria. 
This finding agrees with the findings of Adafin et al. (2010: 62-72), Adebayo et al. (2012: 63-66), 
and Adewuyi and Odesola (2016:11-29). The accumulation of waste disposed of in landfills 
creates a burden on the landfills and thus, causes land pollution. The non-availability of land for 
use is because of illegal disposal of waste, and it is detrimental to human health and safety of the 
environment. Sivapullaiah et al. (2016:214) confirm that more land is lost to landfills and this 
increases the demand for building and construction spaces. Government policy imposing landfills 
levies can be observed as the solution to huge waste dumping in landfills. While the rapid 
depletion of natural resources continues when waste is not properly controlled at source, the 
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depletion further results in water shortage, fossil fuels consumption and losses of fish in water 
bodies. The need to eliminate these adverse effects should be the major concern of all stakeholders 
in the construction sectors. 
Cluster 2–TOXIN IMPACTS RELATED 
 
In the second (2nd) cluster, there were four (4) variables loaded onto it. These variables include 
‘water pollution ‘(0.659); ‘high volume of air pollution’ (0.625); and ‘road surface wear-off’ 
(0.551) and ‘climate change due to greenhouse gas emissions’ (0.474). All these variables can be 
observed to relate to adverse effects of C&D waste on the environment. This cluster is therefore 
labelled ‘toxin impacts related factors. Thus, with the total variance of 13.808%, this cluster is 
ranked as the second adverse effect of C&D waste on the environment of the Lagos Metropolis, 
Nigeria behind the variables in cluster 1. 
These findings agree with the findings of Adebayo et al. (2012:63-66) who found that high 
consumption of energy during the extraction processes causes climate change. The greenhouse 
gas emissions from waste generated during construction activities cause damage to the eco- 
system. Also, a high volume of air and water pollutants are from waste debris which creates 
discomfort to the eco-system, while some emissions of greenhouse gases from construction waste 
materials are harmful to human health and other living bodies in the environment. The road surface 
also wears off resulting from the hazardous waste generated during transportation. This hazardous 
waste is flammable, explosive, poisonous and harmful to the environment. The main source of 
this waste is vehicles. However, Arslan et al. (2012:312-322) suggest that it can be controlled 
through government policy that would check vehicles along each road network to minimize the 
waste. 
8.6.2 Implication of the findings 
 
In this study, the theoretical review relates to the empirical findings. It is logical that waste 
generated on the construction projects if not properly managed has an unbearable environmental 
consequence. The findings indicate that major landfill sites in Lagos are already burdened and 
land is now inadequate due to the space landfill sites occupy. In addition, water pollution has a 
key adverse effect on the metropolis of the city; because of seawater located in the Atlantic Ocean 
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boundaries of Lagos, waste is being disposed of into the water bodies. This causes the loss of 
aquatic bodies, and discomfort to the neighboring environment. However, toxin deposits also 
cause poisoning and diseases. In addition, the eco-system is in distress because of the harmful 
effects of toxins and greenhouse gas emissions that cause global warming. Most residents of Lagos 
are in great danger; thus, the government needs to institutes policies that will reduce waste and 
create awareness of the adverse effects of waste. Unskilled construction site workers need to be 
made aware of how to mitigate the production of waste on sites. 
8.7 RESEARCH QUESTION 5 
 
What are the benefits from construction and demolition waste management in the Nigerian 
construction industry? 
8.7.1 Discussion of findings 
 
An exploratory factor analysis was carried out to achieve the objectives of indicating the benefits 
of construction and demolition waste management to the Nigerian construction industry. The 
exploratory factor analysis carried out produced two (2) factor-cluster, which are explained below: 
Cluster 1–ENVIRONMENTAL RELATED BENEFITS 
 
The five (5) variables were loaded onto cluster 1 as shown in table 7.32. These variables include 
‘reduction in land pollution’ (0.844); ‘reduction in landfill sites’ (0.764); ‘reduction in global 
warming effects’ (0.698); ‘reduction in greenhouse gas emissions’ (0.658); and ‘guarantee on 
health and environmental safety’ (0.584). All these variables can be observed to relate to benefits 
of construction and demolition to the Nigerian construction industry. This factor cluster can 
therefore be termed as ‘Environmental related benefits’. This cluster has a total variance of 46.663%, 
which makes it the most notable benefit from C&DW management in the Nigerian construction 
industry. The finding agrees with the finding of Hwang and Yeo (2011:394-406) which 
established that the main materials used in projects, the sizes in terms of the total sum of installed 
costs, and project types have a lasting impression on the benefits from waste management. 
The benefits from waste management practices indicate that the re-use of materials requires fewer 
resources; thus, resources and energy are conserved (Tam et al., 2007b:1471-1477). The benefits 
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cannot be maximized if decisive steps are not taken to ensure the project’s size, type and the main 
materials used do not influence the benefits from waste management. 
Cluster 2–ECONOMIC RELATED BENEFITS 
 
The three (3) variables were loaded onto cluster 2 as shown in table 7.32. These variables include 
‘cost savings which lead to profit maximization’ (0.771); ‘creation of more job opportunities’ 
(0.543); ‘increase in stakeholder’s participation in waste control’ (0.489). All these variables can 
be observed to relate to benefits of construction and demolition to the Nigerian construction 
industry. This factor cluster can therefore be termed as ‘Economic related benefits’. This cluster has 
a total variance of 46.663%, which makes it the notable benefits of C&D waste management to 
the Nigerian construction industry. When fewer materials are purchased, the profits margin 
increases. In addition, more and effective utilization of waste can help in cutting down costs and 
profits can be maximized. 
8.7.2 Implication of the findings 
 
The theoretical review is consistent with the empirical findings. The benefits identified are both 
environmental and economic. Mostly, waste managed in a sustainable manner reduces the risks 
on health and environmental safety. Landfill sites are almost getting out of control in Lagos, which 
is as a result of the high population density and demand for land properties. This creates an 
unpleasant scenario. Therefore, there is an urgent necessity to divert waste from these landfills,  
this can only be done when waste is minimized and controlled in the most sustainable way. Waste 
disposed of in water is making the water bodies uninhabitable by the aquatic lives. Thus, those 
into fishing are at risk of losing their jobs, and businesses collapse. However, government 
legislature could put a stop to disposing of waste into the water bodies. In addition, efficient waste 
management cuts cost which saves and increases profit margin. The jobs created by the waste 




The data obtained from the questionnaire answered by the respondents concerning the quantity of 
waste generated in the Nigerian construction industry is detailed in this chapter. The discussion 
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of factors influencing C&D waste generation, C&D waste management approaches implemented, 
adverse effect of waste on the environment of Lagos, Nigeria, and the benefits of C&D waste 
management to the Nigerian construction industry were presented with relation to the study. The 
findings, which were developed from the data, provide the answers to the research questions of 
the study. 
The next chapter discusses the conclusions and recommendations of this research in relation to 
the research objectives of the study. 
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CHAPTER NINE 
CONCLUSIONS AND RECOMMENDATIONS 
9.1 INTRODUCTION 
 
This study assessed the construction and demolition waste management systems in the Nigerian 
construction industry. In this chapter, the conclusions and recommendations of the research study 
are presented and discussed, and this has been done in relation with the outlined objectives of this 
study. The specific objectives of the study were: 
 
i. To quantify the amount of construction and demolition waste generated in the Nigerian 
construction industry. 
 
ii. To indicate the factors influencing construction and demolition waste generation in the 
Nigerian construction industry. 
 
iii. To identify construction and demolition waste management systems implemented in the 
Nigerian construction industry. 
 
iv. To indicate adverse effects of construction and demolition waste on the environment of the 
Lagos Metropolis, Nigeria. 
 
v. To identify the benefits of construction and demolition waste management systems 
implemented in the Nigerian construction industry. 
9.2 CONCLUSIONS 
 
The conclusion of the study has been based on both the theoretical and empirical findings of each 
objective stated. Therefore, each conclusion has been detailed and explained to indicate that the 
objectives were achieved. 
9.2.1 Research objective one 
 
The first objective set out to quantify the amount of C&DW generated in the Nigerian construction 
industry. From evidence obtained from the literature, we can conclude that waste materials 
generated in the Nigerian construction industry include; concrete, wood, reinforcement, asbestos, 
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glass, asphalts, tile ceramics, soil and stone, plastic and packaging materials, rubble, drywall and 
bitumen. This waste constitutes waste generated in any construction projects undertaken in 
Nigeria. The findings indicate concrete waste as being the highest quantity of waste generated; 
however, this waste can be minimized when off-site construction and procurement of prefabricated 
construction materials are preferred by contractors. In addition, the questionnaire survey showed 
that the value for waste allowance varies from one estimator to the other, this makes determining 
the inferential comparison between the quantity of waste generated and the allowable waste 
problematic. 
Among the quantity surveyors questioned, only a few had carried out waste estimations in the past 
two (2) years. Therefore, the Nigerian Institute of Quantity Surveyors (NIQS) that is licensed to 
give the allowable waste should enforce standardized waste allowances for any construction 
project in the country. In addition, government and other construction stakeholders need to ensure 
that from the feasibility study and project initiation to the finish of the project, a sustainable waste 
management plan is required with the intention of eliminating the project cost overrun. 
9.2.2 Research objective two 
 
Research objective two set out to assess the factors influencing C&DW generation in the Nigerian 
construction industry. The reviewed literature indicates that factors influencing waste generation 
throughout the life-cycle phases of the construction project consists of; over-allowance error; 
suppliers’ errors; bad weather conditions; improper storage methods and inefficient methods of 
unloading materials. Likewise, poor coordination and communication; accidents due to 
negligence; equipment malfunction; lack of on-site waste management plans; frequent changes in 
design, poor on-site methods of transportation; damage caused during transportation; long 
distances between the storage of materials and the point of application. In addition, errors in 
contract documents; unclear or unsuitable specifications; poor craftsmanship; construction design 
detail errors; pressure on project delivery period; lack of site supervision and errors in ordering 
materials all contribute to waste generation. The explored factors were classified under the 
following five (5) principal classifications: (1) Poor coordination and communication; (2) 
Inadequate planning and design; (3) Inappropriate material transportation and storage; (4) 
Inefficient procurement and contractual agreements; (5) Poor project execution and supervision. 
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From the survey results obtained from respondents, the relative extent of influences of the factors 
was measured and ranked. The major factors influencing C&DW generation in the Nigerian 
construction industry consist of frequent changes in design; lack of on-site waste management 
plans; pressure on the project delivery period; construction design detailing errors and lack of site 
supervision. Therefore, these results show that the Nigerian construction industry is still faced with 
waste management problems comparable to those in other developing countries. In addition, the 
project designer plays a major role in either the minimization or the avoidance of waste, thus 
government and other policy-making organizations need to respond urgently by instituting 
sustainable waste management systems that can eliminate excess waste. Therefore, it can be 
concluded that the theoretical and empirical findings met with the objectives of the study. 
9.2.3 Research objective three 
 
This research objectives set out to identify C&DW management systems implemented in the 
Nigerian construction industry. The reviewed literature identified C&DW management 
approaches implemented throughout the life cycle phases of the construction. These consist of the 
establishment of waste separation and collection techniques and appropriate specifications on 
reusable, reclaimable and recycled materials. Likewise, provision for deconstruction and 
disassembly in the design phase; BIM implementation; government intervention through increased 
landfill tax; off-site preparation, pre-assembly and prefabrication; reduction of waste at the 
material source; improving the on-site waste management plan and adding waste minimization in 
contractual clauses can contribute to C&DW management. In addition, provision for efficient 
procurement in the design phase; provision for off-site construction in the design phase; provision 
for material optimization in the design phase; re-use of materials as backfills; on-site sorting of 
materials; avoidance of late drawings, revisions and submissions and complete and unambiguous 
contract documents can make a difference to the management of waste. The use of standard 
dimensions and sizes in design; provision of detailed information on drawings; and avoidance of 
frequent design changes were also indicated. 
The survey results obtained from respondents indicate the C&DW management approaches 
implemented in the Nigerian construction industry, which were measured and ranked. The major 
waste management approaches implemented include re-use of materials as backfills; off-site 
preparation, pre-assembly and prefabrication; provision of detailed information on drawings; BIM 
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Implementation. The results show that the level of utilization of some of these approaches is 
moderate. In addition, the adoption of modularity in construction projects in Nigeria is still below 
standard. However, the waste management approaches still have some basic sustainability traits. 
There is a need for upgrading in either the approach or method of application of these approaches 
to ensure the waste management systems are more sustainable. In addition, many of the 
procurement procedures and their implementation is still deficient in reducing waste in the country. 
Therefore, the procurement procedure and policies must focus on ways to eliminate or minimize 
waste. Site-engineers must painstakingly take note of every detail in the drawings provided for the 
construction projects in Nigeria. Therefore, it can be concluded that the theoretical and empirical 
findings in the study agreed in defining the approaches implemented in the Nigerian construction 
industry. 
9.2.4 Research objective four 
 
The fourth research objective set out to indicate adverse effects of C&DW on the environment of 
the Lagos Metropolis, Nigeria. The reviewed literature indicates the adverse effect of C&DW on 
the environment of the Lagos Metropolis which consist of an increasing burden on landfill sites; 
health hazards caused by illegal waste disposal; high energy consumption during extraction; the 
rapid depletion of natural resources and land pollution. Likewise, the loss of building land due to 
more landfills; water pollution; high volumes of air pollution and road surface wear-off and climate 
change due to greenhouse gas emissions. The survey results obtained from respondents indicates 
the adverse effects of C&DW on the environment of the Lagos Metropolis. The results were 
measured and ranked according to the magnitude of their effects. Some of the most adverse effects 
of C&DW include health hazards, the burden on landfill sites and land pollution. 
Therefore, government policies should be established to impose landfill levies on waste disposal.  
This is observed to be a possible solution to huge waste dumping in landfills. The rapid depletion 
of natural resources will surely remain when waste is not properly controlled at sources. The 
depletion further results in water shortage, fossil fuel consumption and the loss of fish in aquatic 
bodies. The necessity to eliminate these adverse effects should be a major concern of all 
stakeholders in the construction sectors. In addition, waste caused by vehicles, most especially on 
highways in Nigeria should be controlled through government policy that would check vehicles 
along each road network to minimize the waste created. In addition, provision must be given to 
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heavy duty roads as this can ease transportation challenges which generate waste. The theoretical 
and empirical findings in the study agreed in indicating the adverse effects of C&D waste on the 
environment of the Lagos Metropolis, Nigeria. 
9.2.5 Research objective five 
 
This research objective set out to indicate the benefits of C&DW management systems to the 
Nigerian construction industry. The reviewed literature indicated the benefits of C&DW 
management systems to the Nigerian construction industry which consist of reduction in land 
pollution; reduction in landfill sites; reduction in global warming effects; reduction in greenhouse 
gas emissions and a guarantee on health and environmental safety. Likewise, cost savings, which 
lead to profit maximization; creation of more job opportunities and an increase in stakeholder’s 
participation in waste control can create benefits. The theoretical and empirical findings of the 
study agreed with the benefits of waste management systems identified. This is clear and common 
in other countries as well. Therefore, when a waste management system is sustainable, the 
environment and human health are safer. In addition, the adverse effects of waste are eliminated, 
and the cost saving of construction project is maximized. Thus, the Nigerian construction industry 
can maximize these benefits when waste management is given a priority in construction. 
9.3 GENERAL RESEARCH CONCLUSIONS 
 
The main purpose of the study was to assess construction and demolition waste management 
systems implemented in the Nigerian construction industry especially throughout the construction 
life-cycle stages. This research study achieved its objectives through the data collected as well as 
the methodology used for the study. The following conclusions were obtained from the research: 
i. There is an urgent need for sustainable C&DW management systems in a developing 
country like Nigeria. While there is an indication that the waste management systems 
implemented in the country are improving, information on quantity of waste generated is 
very important before any waste management systems can be efficiently implemented. 
ii. The estimation of the quantity of waste generated was carried out on twelve known waste 
materials associated with the Nigerian construction industry. The result is significant when 
compared to other results obtained from previous studies. However, the inferential 
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comparison with the allowable waste shows no significant differences; hence it is difficult 
to measure this comparison. This suggests that an appropriate analysis of waste generation 
is actually required. 
iii. Government policy should mandate contracting firms to perform an estimation of waste 
generated to determine the amount of waste that will be generated on sites and provide 
logistics on how the waste can be minimized or completely avoided if possible. 
iv. The factors influencing C&DW generation in the Nigerian construction industry is typical 
and includes factors influencing waste generation in most developing countries. However, 
the severity of the influential factors might be unlike that of other countries. 
v. The approaches implemented to manage waste in the Nigerian construction industry are 
commendable especially the use of waste as backfills. However, sustainable waste 
management systems suggest that all the indicated waste management approaches must be 
maximally implemented. Waste is mostly generated at the design stage in the Nigerian 
construction industry. Therefore, waste management approaches implemented at this stage 
must be decisive. 
vi. The adverse effect of waste on the environment has caused loss of land, aquatic bodies and 
has resulted in global warming effects experienced in the urban city of Lagos. There is 
serious concern to conserve natural resources consumed by the industries together with 
construction industry in the Lagos Metropolis. 
vii. Government policy executed will ensure the implementation of sustainable waste 
management plans by the contracting firms. 
viii. There should be consultation among stakeholders on the appropriate manner of resource 
conservation, material recovery and waste management related actions such as waste 
segregation, transportation and prompt responses to the adverse effects of waste. 
ix. Site-workers should be given specific awareness of the adverse effects of waste generated 
during the construction process. Likewise, awareness of the means of maximizing waste 
materials in order to save construction costs, ensure environmental safety and human 
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health should be emphasized. 
 
9.5 LIMITATIONS OF THE STUDY 
 
There were few limitations encountered during the execution of this research study. First, the 
researcher considered Lagos metropolis where data was collected only for the study. The limited 
primary data obtained cannot be generalized for the total population of construction professionals 
in the Nigerian construction industry. All the construction and demolition waste estimation were 
only carried out in the research area. Therefore, there was no prospect to consider waste estimation 
for the quantity of waste generated in other urban areas of the country. The study generalizes its 
conclusion on the assessment of waste management systems implemented is consistent with the 




The research questions of this study have been answered with the findings presented in Chapter 
eight of this thesis. The findings pointed out the quantity of waste generated, factors influencing 
C&DW generation, C&DW management systems implemented, and adverse effects of waste 
generated on the environment and the benefits of waste management systems to the Nigerian 
construction industry. In the Nigerian construction industry, although both government and 
stakeholders are trying their best to minimize waste generated on construction sites, it is important 
to highlight a path for sustainable systems in order to manage waste generated without any adverse 
effects on the environment. Based on this submission, the following recommendations are made: 
i. Waste allowance must be uniform for all construction waste estimation across the country. 
This will validate the hypothesis used in measuring the inferential comparison between 
the quantity of waste generated and the allowable waste. 
ii. A material flow analysis can be employed in the estimation of waste material 
quantification throughout the life-cycle phases of construction projects. This should be 
done with the intention of managing the waste from the start to finish of the projects in the 
most resourceful manner. 
iii. Government should make a decision-supporting policy that will be enforced to make all 
contracting firms implement sustainable waste management plan that will ease the 
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management of waste on construction sites. 
iv. The demolisher should separate reusable materials before a demolishment takes place, and 
recyclable materials should be designated to secondary material markets. However, 
awareness should be made to promote secondary material sales in the Nigerian 
construction industry. 
In conclusion, designers should be efficient in designing out waste from construction with precise 
specifications that would avoid changes in design or detailing errors. 
9.7 RECOMMENDATIONS FOR FUTURE STUDIES 
 
The following recommendations are made for further research: 
 
i. Further studies can utilize a life cycle assessment tool to evaluate the performance of the 
C&D waste management systems using sustainability indicators and quantitatively 
collected data. 
ii. Further studies on the waste estimation can be done on carefully chosen construction sites 
with a more precise and accurate model that will quantify the waste throughout the phases 
of the construction life cycle. 
iii. Further studies can be conducted to determine the impact of C&D waste on the 
environmental sustainability of built environment or housing projects in Nigeria. 
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APPENDIX 1: COVER LETTER 
 
 
University of Johannesburg 
Faculty of Engineering and the Built Environment 





TO WHOM IT MAY CONCERN 
Dear Sir/Madam 
LETTER OF INVITATION FOR RESEARCH SURVEY 
This research project is an M-Tech study being conducted at the Department of Construction 
Management and Quantity Surveying, University of Johannesburg, South Africa. The research 
topic is AN ASSESSMENT OF CONSTRUCTION AND DEMOLITION WASTE 
MANAGEMENT SYSTEMS IN THE NIGERIAN CONSTRUCTION INDUSTRY. 
To answer this questionnaire, you will not spend more than 15 minutes of your time. Your 
response is of the utmost importance to achieving the objectives of this research study. 
Furthermore, to maintain anonymity, please do not enter your name or contact details on the 
questionnaire 
Please answer the questions truthfully and sincerely in order to achieve reliability and 
validity of the research findings. 
Should you wish to know the findings of the research, you are welcome to contact Ademilade 
Aboginije at +27736407866 or at ademiladeaboginije@gmail.com. The faculty will gladly send 
you a summary of the results. 
Thank you in advance. 
Ademilade Aboginije 
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APPENDIX 2: SURVEY QUESTIONNARIES 
 
QUESTIONNAIRE ON AN ASSESSMENT OF CONSTRUCTION AND DEMOLITION 
WASTE MANAGEMENT SYSTEMS IN THE NIGERIAN COSTRUCTION INDUSTRY 
INSTRUCTIONS: 
PLEASE ANSWER THE FOLLOWING QUESTIONS BY CROSSING (X) ON THE 
RELEVANT BLOCK OR WRITING DOWN YOUR ANSWER IN THE SPACE 
PROVIDED. 
EXAMPLE of how to complete this questionnaire: 





SECTION A - BACKGROUND INFORMATION 
This section of the questionnaire refers to background or biographical information. Although we 
are aware of the sensitivity of the questions in this section, the information will allow us to 
compare groups of respondents. Once again, we assure you that your response will remain 
anonymous. Your cooperation is appreciated. 




Non-discriminatory gender  
2. Which of the following best describes your profession in the Nigerian construction 
industry (choose one option only)? 
 
Civil Engineer  
Builder  
Quantity Surveyor  
Project Manager  
Architect  
188  
3. Which of the following are the categories of projects involved in for the past two (2) years? 
 
Civil Works  
Government Offices  
Housing Estates  
Hospitals  
Renovations (Residential, Civil etc.)  
Road Constructions  
Stadia  
Shopping Complexes  
4. Have you been involved in construction and demolition waste management practices in 




Not Sure  
5. How many years of experience do you have in the Nigerian construction industry? 
 
0 – 5 years  
6 – 10 years  
11 – 15 years  
16 – 20 years  
21 – 25 years  
More than 25 years  
6. What is your highest educational qualification? 
 
Higher National Diploma  
B-Degree  
M-Degree  
Doctoral Degree  





Private Organization  




1-3 projects  
4-6 projects  
7-9 projects  
10-12 projects  
13-15 projects  
More than 15 projects  
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SECTION B: INDICATION OF THE QUANTITY OF CONSTRUCTION AND DEMOLIITON 
WASTE GENERATED IN THE NIGERIAN CONSTRUCTION INDUSTRY 
This section of the questionnaire indicates the quantities of construction and demolition waste 
generation in the Nigerian construction industry. 
Indicate your answer using the following Likert scale where: 1=Very low, 2= Low, 3=Average, 
4=High, 5=Very high. 
9. To what rate is the following waste material generated in the Nigerian construction industry? 
 
C&D WASTE MATERIALS TYPE Very low 
(VL) 
Low (L) Average 
(AV) 
High (H) Very High 
(VH) 
WM1.1 Soil and stone      
WM1.2 Wood      
WM1.3 Rubble      
WM1.4 Concrete and aggregate      
WM1.5 Reinforcement      
WM1.6 Tile ceramics      
WM1.7 Asphalt      
WM1.8 Drywall      
WM1.9 Plastic and packaging materials      
WM1.10 Glass      
WM1.11 Asbestos      
WM1.12 Bitumen      
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SECTION C: IDENTIFICATION OF FACTORS INFLUENCING CONSTRUCTION AND 
DEMOLITION WASTE GENERATION IN THE NIGERIAN CONSTRUCTION INDUSTRY 
This section of the questionnaire identifies the factors influencing construction and demolition waste 
generation in the Nigerian construction industry. 
 
Indicate your answer using the following 5-point Likert scale where: 1= To No Extent; 2= Small Extent; 
3= Moderate Extent; 4= Large Extent; 5= Very Large Extent. 
 
10. To what extent do the following factors influence construction and demolition waste generation in the 
Nigerian construction industry? 
 












B7.1 Error in the contract documents      
B7.2 Frequent changes in design      
B7.3 Construction design detail errors      
B7.4 Unclear or unsuitable specifications      
B7.5 Poor coordination and communication      
B7.6 Errors in ordering of materials      
B7.7 Over allowance errors      
B7.8 Supplier errors      
B7.9 Damages caused during transportation      
B7.10 Inefficient methods of unloading 
materials 
     
B7.11 Lack of on-site waste management plans      
B7.12 Lack of site supervision      
B7.13 Improper storage methods      
B7.14 Long distance between storage of 
materials and point of application 
     
B7.15 Poor on-site transportation methods      
B7.16 Accidents due to negligence      
B7.17 Equipment malfunction      
B7.18 Poor craftsmanship      
B7.19 Bad weather conditions      
B7.20 Pressure on project delivery times      
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SECTION D: APPROACHES TO CONSTRUCTION AND DEMOLITION WASTE 
MANAGEMENT IN THE NIGERIAN CONSTRUCTION INDUSTRY 
This section of the questionnaire assesses the approaches utilize in order to minimize construction 
and demolition waste in the Nigerian construction industry. 
11. Based on your experience with construction and demolition waste management, to what extent 
have the following approaches to construction and demolition waste management been 
implemented in the Nigerian construction industry? 
Kindly, indicate your answer using the following 5-point Likert scale where: 1= To No Extent; 
















C9.1 Provision of detailed information on drawings      
C9.2 Off-site preparation, pre-assembly and prefabrication      
C9.3 Government intervention through landfill tax      
C9.4 Use of standard dimension and sizes in design      
C9.5 Creating awareness among contractors      
C9.6 Avoiding frequent design changes      
C9.7 Establishment of waste separation and collection 
techniques 
     
C9.8 Appropriate specifications on reusable, reclaimable 
and recycled materials 
     
C9.9 Provision for deconstruction and disassembly in the 
design Phase 
     
C9.10 BIM Implementation      
C9.11 Avoidance of late drawings, revisions and 
Submissions 
     
C9.12 Adding waste minimization in contractual clauses      
C9.13 Improving the on-site waste management plan      
C9.14 Provision for waste efficient procurement in the 
design phase 
     
C9.15 Reduction of waste at the material source      
C9.16 Re-use of materials as backfills      
C9.17 Provision for off-site construction in the design phase      
C9.18 On-site sorting of materials      
C9.19 Provision for material optimization in the design 
Phase 
     
C9.20 Complete and unambiguous contract documents      
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SECTION E: ADVERSE EFFECTS OF CONSTRUCTION AND DEMOLITION WASTE ON 
THE ENVIRONEMENT OF LAGOS METROPOLIS, NIGERIA 
This section of the questionnaire identifies the adverse effects of construction and demolition 
waste on the environment of Lagos Metropolis, Nigeria. 
Kindly indicate your answer using the following 5-point Likert scale where: 1= To No Extent; 2= 
Small Extent; 3= Moderate Extent; 4= Large Extent; 5= Very Large Extent. 
12. To what extent are the following adverse effects caused by construction and demolition waste 
on the environment of Lagos metropolis, Nigeria? 
 
 
ADVERSE EFFECTS OF C&D WASTE ON THE 











D10.1 Rapid depletion of natural resources      
D10.2 Increasing burden on landfill sites      
D10.3 High energy consumption during extraction      
D10.4 Land pollution      
D10.5 Health hazards caused by illegal waste disposal      
D10.6 High volume of air pollution      
D10.7 Road surface wear off by heavy duty vehicles 
transporting waste 
     
D10.8 Climate change      
D10.9 Loss of building lands due to more landfills      
D10.10 Water pollution      
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SECTION F: BENEFITS OF CONSTRUCTION AND DEMOLITION WASTE 
MANAGEMENT SYSTEMS TO THE NIGERIAN CONSTRUCTION INDUSTRY 
This section of the questionnaire ascertains benefits of construction and demolition waste 
management systems to the Nigerian construction industry. 
Indicate your answer using the following 5-point Likert scale where: 1= To No Extent; 2= Small 
Extent; 3= Moderate Extent; 4= Large Extent; 5= Very Large Extent. 
13. To what extent are the following the benefits of construction and demolition waste 
management systems to the Nigerian construction industry? 
 










E11.1 Creation of more job opportunities      
E11.2 Reduction in landfill sites      
E11.3 Guarantee on health and environmental safety      
E11.4 Reduction in greenhouse gas emissions      
E1 1.5 Increase in stakeholder’s’ participation in waste control      
E11.6 Reduction in land pollution      
E11.7 Cost savings which lead to profit maximization      
E11.8 Reduction in global warming effects      
Thank you for your cooperation in completing this questionnaire. 
